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Abstract

Date seeds are an ideal source of polyphenols for the food industry. This
doctoral work investigated Khalas variety date seeds in three forms, as powder (DSP),
ethanolic extract (DSE) and functional food developed with the seeds; pita bread
(DSB). The study characterised the polyphenol profile by mass spectrometry and
investigated the bioaccessibility using simulated in vitro digestion coupled with Caco2 model for absorption and transport. It further explored the bioavailability of date
seed polyphenols in vivo in humans by conducting a cross-over study in 16 healthy
volunteers. The crossover study explored the urinary excretion of polyphenol
metabolites, and the antioxidant effect after consumption of six doses of the date seed
samples (0.25 g and 0.5 g/kg body weight DSP, 360 g of 10% and 15% DSB, 30 mg
and 60 mg/kg body weight DSE). The presence of phenolic acids, flavanols, flavonols
and flavones were observed in all date seed forms, among which flavan-3-ols was the
most predominant group. Phenolic acids such as protocatechuic acid, vanillic acid and
caffeoylshikimic acid were recovered from DSP and DSE following in vitro digestion
while the recovery was significantly lower in DSB. Similarly, compounds such as
protocatechuic acid, p-hydroxybenzoic acid, caffeoylshikimic acid, p-coumaric acid,
syringic acid hexoside and diosmin were transported from digested DSP and DSE.
However, only protocatechuic acid and p-hydroxybenzoic acid were transported from
DSB. In the in vivo study, 20 metabolites of date seeds were detected in urine within
3 hours, reached a peak at 8 hours then decreased, with metabolites still being detected,
up to 24 hours. The biomarker of antioxidant status, glutathione, was increased from
1 hour and up to 8 hours post intake. The biomarkers of protein and lipid oxidative
damages were reduced from 1 hour and up to 8 and 24 hours post intake, respectively.
The present work validates date seeds as a useful polyphenol source by demonstrating
the bioaccessibility of its polyphenols from digested samples and their subsequent
absorption and transport. The study also provides the first report on polyphenol
metabolites and improved antioxidant status with the consumption of date seed product
in humans.
Keywords: Nutrition, functional food, date seeds, polyphenols, bioaccessibility,
bioavailability.
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)Title and Abstract (in Arabic

دراسة عن إمكانية الوصول البيولوجي في المختبر و التوافر البيولوجي في الجسم
الحي للبولي فينوالت لنواة تمر الخالص للتطبيق الوظيفي في حمية اإلنسان
الملخص

تعد نواة التمر مصدر غني للبولي فينوالت و تعد كمرشح مثالي للمكونات الوظيفية
الغذائيه في صناعة المواد الغذائية .عمل الدكتوراه هذا يبحث في نواة التمر الخالص المتنوعة في
ثالثة أشكال ،بودرة نواة التمر ( ،)DSPالخالصة اإليثانولية لنواة التمر( )DSEو تطور األغذية
الوظيفية مع النواة ؛ الخبز العربي بنواة التمر( .)DSBلتمييز المركب البولي فينولي تم استخدام
قياس الطيف الكتلي و بحث إمكانية الوصول البيولوجي باستخدام محاكاة الهضم في المختبر
مصحوبا ّ مع نموذج كاكو )Caco-2( 2-لالمتصاص و النقل.
كشفت الدراسة أيضا ّ عن التوافر البيولوجي للبولي فينوالت لنواة التمر في الجسم الحي
في البشر عن طريق إجراء دراسة متقاطعة ( )crossover studyل 16متطوعين صحيين،
لوصف اإلفراز البولي للبولي فينوالت و مكوناته األيضية و بحث تأثير مضادات األكسدة بعد
استهالك ست جرعات من عينات نواة التمرة ( ٠.٢٥جم و  ٠.٥جم لكل كيلو جرام من وزن
الجسم  ٣٦٠ ،DSPجم من  ٪١٠و  ٣٠ ،DSB ٪١٥ميليجرام و  ٦٠ميليجرام لكل كيلو جرام
من وزن الجسم  .)DSEتم مالحظة وجود أحماض الفينولي ،فالفانوالت ،فالفونوالت و فالفونات
في عينات نواة التمر .الفالفان-3-أولز كانت المجموعة األكثر تواجدا ً حيث كانت غالبيتها بولي
ميرك برو أنثو سيانيدات .أحماض الفينولي كحمض البروتو كاتيكويد ،حمض الفانيلي و حمض
كافييول شيكيمي تم استرجاعهم  DSPو DSEبعد محاكاة الهضم في المختبر بينما كان
االسترجاع منخفض  DSBبشدة .و بالمثل ،حمض البروتو كاتيكويد ،حمض البي-هايدروكسي
بنزين ،حمض كافييول شيكيمي ،حمض البي-كوماري ،حمض السيرينج سداسي الجانب و ديو
سمين تم نقلهم من DSPو  DSEالمهضومين ،بينما حمض البروتو كاتيكويد و حمض البي-
هايدروكسي بنزين نقال من .DSB
في دراسة في الجسم الحي ،تم العثور على إخراج وفير من البولي فينوالت في البول
خالل  3ساعات ،وصل الذروة عند  8ساعات و بعدها انخفض ،مع بقاء البولي فينوالت متواجدة،
حتى  24ساعة .المؤشر الحيوي لحالة مضاد األكسدة و جلوتاثيون كان تواجده واضحا و قويا من
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ساعة و حتى  8ساعات بعد التناول .العمل الحاضر يثبت أن نواة التمرة كمصدر فعال للبولي
فينول عن طريق عرض الوصول البيولوجي للبولي فينوالت من عينات مهضومة و متابعه
االمتصاص و النقل .الدراسة أيضا ً توفر التقرير األول في المكونات األيضية للبولي فينول و
تحسين حالة مضاد األكسدة مع االستهالك لمنتج نواة التمر في البشر.
مفاهيم البحث الرئيسية :التغذية ،نواة التمرة ،البولي فينوالت ،األغذية الوظيفية ،إمكانية الوصول
البيولوجي ،التوافر البيولوجي.
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Chapter 1: Introduction
1.1 Overview
Unhealthy diet and sedentary lifestyle are important contributors to the global
rise in chronic diseases such as obesity, diabetes, cardiovascular disorders and cancers.
In the United Arab Emirates (UAE), the rise in metabolic disorders is particularly
alarming. UAE has witnessed an economic boom accompanied by rapid
industrialisation in the last couple of decades. This, in combination with high per capita
income and unhealthy lifestyle, has shifted the population from the traditional dietary
habits, spearheaded by the flourishing fast food industry. Consequently, the intake of
calorie-dense, processed and prepackaged meals of poor nutritional value in the
population has increased [1].
The wide popularity of fast foods, which are high in fat and sugar, results in
caloric excess that consequently leads to obesity. Obesity predisposes the population
to the development of various chronic diseases. The human body utilises nutrients that
is consumed through oxidative phosphorylation. The metabolic processes involved
inevitably lead to the production of reactive oxygen species. These are produced in the
human bodies from the normal metabolic processes and are then quenched by the
antioxidant system, thereby preventing the adverse effect of oxidative damage and
consequently oxidative stress. Accumulated damage by oxidative stress is attributed
to the increase in most chronic disease prevalent in the population [2-4]. Humans have
an antioxidant system in their bodies which consist of several antioxidant enzymes,
such as glutathione peroxidase, superoxide dismutase and catalase. Dietary
antioxidants also supplement the antioxidant system in the human body.

2
Polyphenols are secondary metabolites of plants which when consumed in diet
act as antioxidants in the human body. Due to their antioxidant property, the
consumption of a diet rich in polyphenols has favourable health outcomes which
include reduction of oxidative stress and improvement of the antioxidant status of the
body [5]. Consequently, there is a growing interest in research focused on using
polyphenols as a functional ingredient in foods to improve their nutritional quality.
Polyphenols that are obtained from fruits and vegetables along with essential nutrients
such as vitamins improve the oxidant status of the human body. A recently published
World Health Organisation/Food and Agriculture Organisation report recommends a
minimum of 400 g of fruits and vegetables per day for the prevention of chronic
diseases and alleviation of micronutrient deficiencies [6]. The antioxidant system in
humans, along with antioxidants obtained through diet, can counter the adverse effect
of oxidative stress under normal physiological condition [5]. However, unhealthy
eating habits have tipped the scale in favour of oxidative stress, consequently
increasing the number of chronic diseases in the population.
Date palm (Phoenix dactylifera L.) is an important agricultural crop of the
Middle East and North Africa region. While date fruit is an essential confectionary
item marketed as various food products due to its high nutritional value, the seeds
which make up approximately 10-15% of the fruit mass, are primarily a by-product of
the industry that has minimal human use [7]. Date seeds are mainly used as a
supplement in animal feeds. Assessment of the macro- and micro-nutrient profiles of
various varieties of date seeds revealed a high amount of fibre (67.6-74.2 g/100 g) and
considerable amounts of some minerals, vitamins, lipids and proteins [8, 9].
Additionally, date seeds are also rich in polyphenols [8, 10, 11] with a reported content
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anywhere between 1864.82 and 4768.87 mg gallic acid equivalent/100 g [8]. Analysis
of the polyphenol profile of date seeds revealed flavan-3-ols, especially catechins and
epicatechins, as the most abundant group of polyphenols in date seeds, with up to 50.18
g/kg flavan-3-ols in the Khalas variety [11]. Pre-clinical animals studies on date seed
extract indicate its ability to reduce the oxidation of macromolecules in rats’ serum
and organs and strengthen the antioxidant defence system of the animals, with doses
of 240 mg/kg and 480 mg/kg diet [12-14]. Other reported biological effects include
anti-diabetic effect via lowering of blood glucose levels [15] and improvements in
memory and learning impairments in Alzheimer’s models [16] with supplementation
of date seed polyphenols. Based on these results, date seeds represent an ideal
candidate for use as a functional ingredient and/or nutraceutical. A functional
application of date seeds was demonstrated through the development of Arabic pita
bread earlier by Platat et al. (2015) [17]. Based on the data that is available for date
seed polyphenol bioactivity, other forms of date seed that are ideal for polyphenol
delivery are date seed powder and date seed extract.
Although there are several reports on the polyphenol richness of date seeds, a
comprehensive mass spectrometric analysis of date seed polyphenols is lacking. Such
studies are crucial to understanding any reported health benefits. The presence of
polyphenols such as protocatechuic acid, coumaric acid, ferulic acid and caffeic acid
in the seeds as free polyphenol fraction was reported earlier in its extract [18]. Another
study has reported the presence of proanthocyanidin dimers, trimers, and tetramers in
the free polyphenol fraction of Khalas variety date seeds [11]. The depolymerisation
of the proanthocyanidin oligomers by phloroglucinolysis yielded catechin and
epicatechins, supporting the polyphenol richness of date seeds. However, the study
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focused only on the free polyphenol fraction of date seeds, leaving the bound
polyphenol fraction unaccounted. The non-extractable polyphenols have a vital part in
the biological effects observed in many in vivo studies. It is established that polymeric
polyphenols of the bound fraction play a crucial role through their interaction with gut
microbes [19]. Non-extractible polyphenols reach the colon mostly unchanged and are
metabolised by the colonic microbiota [19]. The microbial fermentation in the colon
leads to the release of bioactive metabolites which play a significant role in the positive
health outcomes of polyphenols [19] and therefore one can expect similar effects with
date seed polyphenols. A study by Srisena et al. (2017), gave a more detailed
characterisation of polyphenols from both free fraction and the bound fraction of date
seeds from Deglet Nour date variety [10]. The study used HCl-butanol treatment to
depolymerise the bound fraction, which was not efficient in yielding the degradation
products. A comprehensive analysis of the polyphenols from date seeds of Khalas
variety (a commonly processed variety), which is significant to the date industry in the
UAE, is lacking. For validating the use of date seeds as a functional ingredient, it is
essential to understand the polyphenol makeup and its quantity since the type of
polyphenols and their amount will significantly influence their bioaccessibility and
bioavailability in vivo.
For any polyphenol source to be used efficiently as either a functional
ingredient or as a nutraceutical, a favourable bioavailability and bioaccessibility
should be established in humans. Bioaccessibility of polyphenols during the digestive
process is critical to ensure its bioavailability in circulation. The digestive processes
can considerably reduce the antioxidant effect of the polyphenols due to the influence
of gastrointestinal tract milieu. Hence, in vitro studies are critical to understanding how
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easily the polyphenols from date seeds are released in the upper gastrointestinal tract.
Only one study has explored the bioaccessibility of date seed polyphenols so far. The
study tested date seed polyphenols from Deglet Nour variety in yoghurt [20]. However,
the bioaccessibility of date seeds polyphenols from Khalas variety lacks understanding
and date seed polyphenols incorporated in a carbohydrate-dense matrix, such as Arabic
pita bread which was developed earlier by Platat et al. (2015), needs to be investigated
[17]. A bioavailability study of polyphenols is vital since it helps to understand the
levels at which they are reaching the circulation to bring about any reported health
outcomes. Following digestion, the bioactive forms of polyphenols in vivo differ from
the native compounds found in plants, affecting their bioavailability and this is
attributed to the metabolism that occurs in the intestinal cells, liver and the colon.
Therefore, it is essential to determine how all these transformations affect date seeds
polyphenols’ bioavailability and ultimately their antioxidant activity in vivo.
Moreover, it is also essential to take into account the possible interactions of
polyphenols with the food matrix that may alter the health effects of polyphenols, in
case of a functional food such as Arabic pita bread with date seeds [21]. No studies
have yet explored the bioavailability of date seed polyphenols in humans. Therefore,
investigations on the bioavailability and bioaccessibility of date seeds polyphenols and
its colonic metabolites are warranted.
1.2 Statement of the Problem
Date palm industry is vital to the economy of the UAE. The date seed, which
is an industrial by-product, is either used as animal feed or is wasted, but has a
significant nutritional value which includes high polyphenol content, high dietary fibre
content and vitamins. The reported flavanol content in date seed is as high as 51 mg/g
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which surpasses other high polyphenolic sources such as grapes, walnuts and
flaxseeds. Therefore, they represent an ideal product that can be utilised by the food
industry as a functional ingredient to improve the nutritional quality of foods. By
utilising date seeds as a functional ingredient, the industry can benefit from the
valorisation of a wasted by-product for human use. However, to establish date seeds
as a polyphenol source, a comprehensive investigation of its polyphenol content is
required, and no studies have addressed this knowledge gap for Khalas variety of date
seeds, which is a popular variety that is used by the date processing industry in the
UAE.

Crucial factors that govern the effectiveness of polyphenols in vivo are

bioaccessibility and bioavailability. Any polyphenolic source identified for possible
use as a functional ingredient and/or nutraceutical must demonstrate significant
polyphenol bioaccessibility during the digestive process for absorption. Effective
bioaccessibility of polyphenols dictates the ability of polyphenols to reach meaningful
concentrations in the systemic circulation to bring about any probable health outcome,
thereby affecting its bioavailability. Therefore, it is essential to study the
bioaccessibility and bioavailability of date seed polyphenols; nevertheless, no studies
have thus far has investigated the bioaccessibility of date seeds polyphenols from
Khalas variety and no investigations have ever been conducted in human to assess the
bioavailability of date seed polyphenols and its colonic metabolites.
1.3 Objectives of the Study
The objectives of this doctoral work were to investigate three different forms
of date seeds from Khalas variety proposed for human use; date seed powder (DSP),
date seed extract (DSE) and date seed pita bread (DSB) in order to:
• characterise the complete polyphenol profile
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• study the in vitro bioaccessibility
• study the transport of digested date seed polyphenols across the intestinal wall
• characterise the date seed polyphenolic metabolites in humans
• determine their antioxidant activity in vivo in humans
• test the potential of a date seeds-based bread as a functional product.
1.4 Relevant Literature
1.4.1 Public health perspective of UAE
UAE is a rapidly developing country in the Gulf Cooperation Council of Arab
States with a multi-national diaspora. Several public health issues contribute to
morbidity and mortality in the UAE. Recent years have witnessed a steady increase in
metabolic diseases, including cardiovascular diseases, cancers and diabetes among the
population [22]. Indeed, combating the rise in metabolic disease has become the top
priority for public health officials of the country. The high prevalence of such chronic
diseases in the country is attributed to the change in nutritional pattern and sedentary
lifestyle of the people in UAE [1]. The rapid economic prosperity of the country, fueled
by the fossil fuel industry, has resulted in high per capita income and the population
has shifted from the traditional bedouin lifestyle to an urban one. The nutritional
pattern of the country has also undergone a significant change due to the flourishing
fast food industry because of the urbanisation [1]. Easy access to calorie-dense
processed food combined with a high income has resulted in unhealthy eating habits
which, in combination with an increasingly sedentary lifestyle, has turned the rise in
metabolic disease into a public health crisis for the country.
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Between 1999-2000, the prevalence of metabolic syndrome among adults
stood at 38% and 41% among nationals and expatriates, respectively, using the
National Cholesterol Education Program (NCEP) and International Diabetes
Federation (IDF) definitions [23]. Among school children between the ages of 12 to
18 years, the prevalence of metabolic syndrome as defined by IDF stood at 22% and
4% among boys and girls, respectively [24]. Recent data from the IDF reports that the
prevalence of diabetes in the UAE is 18.9% of the population, which is among the
highest in the world [25]. Similarly, the ‘Weqaya’ study, where cardiovascular
screening was explicitly conducted in the Abu Dhabi region of the country reports that
among Emirati adults, 24.6% were diabetic and 29.5% were prediabetic [26]. The
prevalence of obesity in the country is also very high. Recent studies conducted among
school children report that approximately 34% prevalence in overweight and obesity
among national and expatriate school children [24, 27]. The obesity rates reported
among university students were also high, with varying reports of 29% to 46% among
females [27, 28].
Similarly, the obesity levels among adults are also high where a study in 2012
reported a prevalence of 42% for overweight and 20% for obesity [29]. As per the
‘Weqaya’ study mentioned above, 34% of the adults were overweight and 41% obese
[26]. Similarly, cancer statistics from the country report that it is the third leading cause
of death in the UAE [30]. As per recent data published by WHO, breast cancer is the
most common type of cancer in females, while lung cancer and prostate cancers are
the most prevalent ones in males. Colorectal cancer is the second most prevalent type
of cancer in both genders [31]. In general, chronic diseases in the country are growing
steadily, and public health experts are prioritising awareness campaign to curb their
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rise. In addition to increasing awareness of a healthy lifestyle by promoting physical
activity and nutrition education, the focus is also on the food industry to improve the
nutritional quality of foods. Because more evidence on the effect of diet on systemic
inflammation has emerged [32-34], improving the nutritional quality of food can also
address the predisposition of the population to developing chronic diseases. Functional
food development is one such approach to improving the dietary pattern of the
population.
1.4.2 Oxidative stress and associated damages
Free radicals which encompass both reactive oxygen species (ROS) and
reactive nitrogen species (RNS) are products of cellular metabolism [35].
Mitochondria in the cell are the most important site of ROS/RNS production, where
electron leakage from oxidative phosphorylation results in their generation.
Mitochondrial ROS production occurs from complex I and III of the electron transport
chain where partial reduction of molecular oxygen takes place [36]. A schematic
representation of free radical production in the cell is provided in Figure 1, which was
adapted from Peña-Oyarzun et al. (2018) [37]. Free radicals are generated in the cells
from enzymatic and non-enzymatic processes. The nitric oxide synthase (NOS) in the
cells uses oxygen for the oxidation of arginine and citrulline, which releases nitric
oxide (NO) in the cells. Similarly, NADPH oxidase (NOX) and xanthine oxidase (XO)
catalyse the formation of superoxide (O2.-) from O2, and the mitochondria releases the
superoxides as a by-product of the electron transport chain, which then reacts with NO
to form peroxynitrite (ONOO-). The peroxynitrites then dissociates into the radicals
NO2- and OH-. However, superoxides can also be enzymatically converted by the
superoxide dismutase (SOD) to generate hydrogen peroxide (H2O2). H2O2 can then
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either by converted into radical OH- by the Fenton reaction involving the oxidation of
Fe2+ to Fe3+ or be reduced into H2O by the catalase and the glutathione systems
[37]. The free radicals that are generated in the cells often have an essential role in the
body, such as defence against infectious pathogen and as signalling molecules within
cells. The beneficial effects of ROS are evident in low to moderate concentrations,
while deleterious effects occur if their levels are unchecked in tissue [4].

Figure 1: Production of reactive oxygen species in cells. NOS- nitric oxide synthase,
NO- nitric oxide, NOX- NADPH oxidase, XO- xanthine oxidase, ONOO- peroxynitrite superoxide, SOD- superoxide dismutase, GSH- glutathione, GSSHglutathione disulphide, GPX- glutathione peroxide, Cat- Catalase. Adapted from PeñaOyarzun et al. (2018) [37].

The human body has an antioxidant defense mechanism against ROS to keep
their level in check, such as enzymatic antioxidants which include superoxide
dismutase, glutathione peroxidase and catalase. Other non-enzymatic antioxidants
include vitamins C and E and dietary polyphenols which are crucial agents that keep
ROS levels in check [2]. Apart from the enzymatic antioxidants and dietary
antioxidants, a tripeptide thiol antioxidant, glutathione (GSH) is also critical to the
human body [35]. GSH is abundantly present in the cells since it is synthesised in the
cytosol by glutamate-cysteine ligase and glutathione synthase [38]. Due to its
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abundance in cell compartments such as the nucleus, GSH is actively involved in
protecting protein sulphydryls that are involved in DNA repair and gene expression
[37]. The oxidised form of GSH is GSSH, glutathione disulphide. The cellular or tissue
ratio of GSH/GSSH is essential in understanding oxidative stress in the body because
a high concentration of GSSH damages many enzymes oxidatively [39]. GSH protects
tissue from oxidative damage through several different roles. It is a co-factor of various
detoxifying enzymes, such as glutathione peroxidase and glutathione transferase. It
can also directly scavenge hydroxyl radicals and singlet oxygen atoms by the catalytic
action of glutathione peroxidase. Additionally, GSH recycles other antioxidants such
as vitamins C and E back to their active form [40].
Oxidative stress in tissues occurs with overproduction of ROS and deficiency
in the antioxidant mechanism. Since nutrients such as vitamins and polyphenols are
critical in reducing ROS levels in tissue, inadequate nutrient supply can result in
oxidative stress. Low intake or impaired availability of dietary antioxidants such as
vitamins, polyphenols and carotenoids weakens the antioxidant mechanism in the body
[41]. High levels of ROS and consequently oxidative stress in tissue can damage
cellular lipids, proteins and DNA (Figure 2). For example, the hydroxyl radical is well
known for its ability to damage purine and pyrimidine bases and also the deoxyribose
backbone of DNA, which can result in permanent modification of the genetic material.
Such oxidative damages in the DNA is proposed as a preliminary event leading to
mutagenesis and carcinogenesis [2]. Other victims of ROS include the polyunsaturated
fatty acids in the phospholipids. These lipids are susceptible to oxidative damage
which results in the formation of lipid peroxidation by-product, malondialdehyde
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(MDA) which is reported to be mutagenic in mammalian cells and carcinogenic in rats
[42, 43].
Additionally, the side chain of all amino acid residues of proteins, particularly
cysteine and methionine residues, are sensitive to oxidation by ROS. Oxidative
damage of protein residues results in reversible formation of mixed disulphides
between protein thiol groups (-SH) [44]. The level of oxidative damage in proteins can
be assessed by the concentration of protein carbonyl groups in tissue [45]. Oxidative
damage to cellular components results in the impairment of their normal function and
consequently leads to systemic inflammation [4, 32, 46]. The development and
progression of chronic diseases are associated with oxidative stress because the level
of systemic inflammation is linked to the oxidative status of the body. Most chronic
diseases that are prevalent today begins with low-grade inflammation triggered by
oxidative stress [41]. Hence, a delicate balance between the production of ROS and
the strength of the antioxidant mechanism is critical to maintaining redox homeostasis,
which is crucial to protecting us from chronic diseases.
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Figure 2: Oxidative stress and chronic diseases. (A&B) Oxidative stress generates
damages, resulting in genotoxicity, altered proteostasis and lipid peroxidation. Tissuelevel consequences of oxidative stress include (C) tumour growth by altering the
genome and increasing proliferation via enhanced MAPK signalling in cancer stem
cells, (D) ryanodine receptors (RyR) in cardiomyocytes that constantly release Ca2+,
leading to uncontrolled contractions and arrhythmia, (E) altered insulin release in
pancreatic β cells which renders the cells more susceptible to death, (F) hypertrophy
of adipocytes that reduces GLUT4 translocation and increases the release of
adipokines, (G) proliferation and differentiation in preadipocytes, increasing fat mass,
(H) insulin resistance by inactivation of the Akt pathway in skeletal myocytes.
Adapted from Peña-Oyarzun et al. (2018) [37].
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1.4.3 Polyphenols: The natural antioxidants
Polyphenols are secondary metabolites of plants which encompass the most
abundant group of antioxidants in the human diet. They include more than 8000
compounds which are widespread constituents of fruits, vegetables, cereals, olive, dry
legumes, chocolate and beverages, such as tea, coffee and wine. The plants primarily
produce these compounds in response to various environmental stress. Polyphenol
compounds possess free radical quenching property which makes them attractive
antioxidants. As antioxidants, polyphenols protect cell constituents against oxidative
damages and, therefore, limit the risk of developing various chronic diseases
associated with oxidative stress. Some polyphenols, such as epigallocatechin gallate,
kaempferol, quercetin and its glycosylated derivatives, are reported to protect the DNA
from oxidation by free radicals [47]. Due to this function, DNA damages are reduced
from oxidative stress, thereby protecting cells [34]. In vitro studies provide evidence
of the ability of numerous polyphenols and polyphenol-rich extracts in inhibiting the
oxidation of low-density lipoprotein (LDL), thereby becoming cardioprotective agents
[48]. Reports also point to a correlation between regular consumption of wine, tea, and
chocolate to reduced platelet aggregation, cardiovascular disease, and thrombosis [48].
Different bioactivities of polyphenols include their ability to prevent systemic
inflammation by acting as immunomodulatory and anti-inflammatory agents,
scavenging reactive oxygen species and modulating the activity of critical enzymes of
the inflammatory response [34]. Emerging studies also suggest a variety of potential
mechanisms by which polyphenols prevent diseases other than the conventional
antioxidant activity. The prooxidant effect of polyphenols has the opposite effect on
basic cell physiological processes. If as antioxidants polyphenols improve cell
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survival, as pro-oxidant, polyphenols induce apoptosis and block cell proliferation [49,
50]. Studies also indicate that polyphenols might exert several other specific biological
effects, such as the inhibition or reduction of different enzymes, among which are
telomerase [51], cyclooxygenase [52], lipoxygenase [53], and the interaction with
signal transduction pathways [54-56] and cell receptors [57, 58]. Moreover,
polyphenols can affect caspase-dependent pathways [59], cell cycle regulation [60]
and platelet functions [61]. It is mainly by these properties that polyphenols exert their
protective effects and receive increasing attention as a potential therapeutic or
nutritional agent in the fight against several chronic diseases.
1.4.4 Polyphenol classification
The basic polyphenol structure comprises of several hydroxyl groups on
aromatic rings. There are also molecules with only one phenol ring, such as phenolic
acids and phenolic alcohols. Some compounds such as cinnamic acids and shikimic
acid do not have a phenolic group or an aromatic ring. Polyphenols are classified based
on the number of phenol rings that the structure contains and the structural elements
that bind these rings to one another. The main groups of polyphenols are flavonoids,
phenolic acids, phenolic alcohols, stilbenes and lignans [62]. Flavonoids share a basic
3-ring carbon skeleton (Figure 3), and are again divided into six subclasses, depending
on the oxidation state of ring C. The different subclasses of flavonoids are: flavonols,
flavones, flavanones, isoflavones, anthocyanidins and flavanols (catechins and
proanthocyanidins). More than 4000 flavonoids have been identified in plants, and the
list is continually growing.
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Figure 3: Basic ring structure of a flavonoid. Adapted from Tsao (2010) [62].

Flavonols are compounds with a double bond between C2 and C3 and with a
hydroxyl group in the C3 position in the basic flavonoid structure. Quercetin which is
abundantly present in onions is a famous example from the group [63]. Flavones have
a double bond between C2 and C3. This subclass is the less common flavonoid.
Apigenin, a polyphenol which is present in many herb seasonings such as sage,
oregano and rosemary, is an example of a flavone [64]. Flavanones are characterised
by the presence of a saturated three-carbon chain and an oxygen atom in the C4
position. A disaccharide generally glycosylates them at C7. Hesperidin, one of the
important polyphenols present in citrus fruits such as oranges and lemons, is a
flavanone [65]. Isoflavones have structural similarities to estrogen and can bind to
estrogen receptors. Therefore, they are classified as phytoestrogens. Diadzine, which
is an important polyphenol in soy and soy products, belong to isoflavones [66].
Anthocyanins are water-soluble pigments, responsible for most of the red, blue, and
purple colours of various plant tissues or products. They occur primarily as glycosides
of their respective aglycone form, called anthocyanidins, with the sugar moiety mainly
attached at the C3 position on the C ring or the C5, C7 positions on the A ring [62].
Cyanidin 3-O-rutinoside is an example from the group [67].
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Flavanols exist in both the monomer and the polymer form (catechins and
proanthocyanidins, respectively). Unlike other classes of flavonoids, flavanols are not
glycosylated in foods [62]. The chief representative flavanol in fruits is catechin and
epicatechin [68], whereas gallocatechin, epigallocatechin, and epigallocatechin gallate
are found primarily in tea [69]. Catechins are found in many fruits, such as apricots
(250 mg/kg) and cherry (250 mg/kg). Green tea (up to 800 mg/L), and chocolate (up
to 600 mg/L), are by far the richest sources of catechins, which are also present in red
wine (up to 300 mg/L) [70]. Proanthocyanidins or condensed tannins are dimers,
oligomers, and polymers of catechins [62]. It is difficult to determine the
proanthocyanidin content of foods because they have a wide range of structures and
molecular weights [71]. Proanthocyanidins are responsible for the astringency of fruit
(grapes, apples, berries) and beverages (wine, cider, tea, beer) and the bitterness of
chocolate [71].
Phenolic acids are divided into two subclasses: derivates of benzoic acid and
cinnamic acid [62]. The hydroxybenzoic acids, such as gallic acid and protocatechuic
acid, are found in low levels in plants [72]. However, the protocatechuic acid
concentration in vivo can be high since this compound is a major human metabolite of
other polyphenol groups such as anthocyanin and proanthocyanidins [73, 74]. The
hydroxycinnamic acids consist chiefly of coumaric, caffeic and ferulic acid. These
compounds are rarely found in their free form. The bound forms of the compounds are
glycosylated derivatives or esters of quinic, shikimic or tartaric acid. For example,
caffeic acid and quinic acid combine to form chlorogenic acid, which is found in high
concentrations in coffee [62]. Caffeic acid is the most abundant phenolic acid in most
fruits, and ferulic acid is the most abundant phenolic acid found in cereal grains [70].
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Tyrosol and hydroxytyrosol are the common phenolic alcohols that are contained
mainly in extra virgin olive oil [70]. Despite the extensive body of evidence linking
the in vitro properties of olive oil phenolics with positive health outcomes, there are
limited data on the absorption and excretion of these phenolic alcohols from olive oil.
The chief representative of stilbenes is resveratrol [75]. It has been detected in more
than 70 plant species, including grapes, berries and peanuts [70]. Lignans are mostly
present in nature in the free form, while their glycoside derivatives are only a minor
form [62]. An example of a lignan polyphenol is secoisolariciresinol which is
abundantly present in linseed [76].
1.4.5 Date seeds: A promising polyphenol source
Date palm (Phoenix dactylifera L.) has been cultivated in the Middle East for
thousands of years, and the United Arab Emirates is the fourth-largest producer of date
fruit in the world, accounting for 12% of world production [18]. Traditionally, the
Bedouin tribes in the region consumed infusions of roasted date seed as a beverage
[13]. However, they do not have any significant human use hitherto. Date seeds today
are primarily a wasted by-product of the date processing industry or used as animal
feed. The chemical composition and functional properties of date seeds have been
studied to a lesser extent in comparison to date fruit, but the seeds are not without
nutritional value. Date seeds are considered a good source of insoluble dietary fibre.
The reported total dietary fibre contents in date seeds were 50-80% of total date seed
weight, of which 90% accounted for insoluble fibre [77, 78]. The insoluble dietary
fibre from the date seed consisted mainly of the polysaccharides cellulose and
hemicellulose, and the phenolic acid polymer lignin. Date seed has also been identified
as a source of oil [79]. Date seed oil was found to contain a significant amount of
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carotenoids, vitamin E and vitamin K [80]. Moreover, date seeds have been identified
as a rich source of polyphenols [8, 10, 81]. Several studies have investigated the total
phenolic content and antioxidant activities and have quantified the various bioactive
compounds in date seeds. It is important to note that date seeds phytochemical profile
vary with origin and variety [8]. The difference in the phytochemical profile can also
be attributed to the processing and experimental conditions as well. Al-Farsi et al.
(2007) studied the antioxidant capacity of date palm by-products and concluded that
seeds possessed the highest content of total phenolics and antioxidant, activity when
compared with the edible date fruit and other date by-products [82]. Another study by
Suresh et al. (2013) reported even higher content of total phenolics in date seed powder
of Khalas variety [83].
The predominant group of polyphenols identified in date seed are flavonoids.
A recent study by Alem et al. (2017) on three Moroccan date seed varieties revealed
that they exhibited high flavonoid content ranging between 1224 and 1844 mg/100 g
[84]. A comprehensive investigation on the polyphenol profile of date seed was carried
out using mass spectrometry. The study by Platat et al. (2015) on Khalas variety
reported the polyphenol content in date seed to be as high as 5.1g/100 g [11].
According to this study, date seeds surpasses the polyphenol content in tea, grapeseeds,
and even flax seeds. The most abundant class of compounds in date seeds were flavan3-ols with monomeric and polymeric forms, representing approximately 99% of total
polyphenols which were distributed as epicatechin (4.68 g/100 g) and catechin
(338 mg/100 g). Phenolic acids such as protocatechuic acid, caffeic acid and coumaric
acid have been reported in Khalas variety date seeds. A study by Al-Farsi and Lee
(2008) reported a total of nine phenolic acids in date seed which consisted of five
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derivatives of cinnamic acid (ferulic acid, caffeic acid, p- coumaric acid, m- coumaric
acid, o-coumaric acid) and four vanillic and benzoic acid hydroxylated derivatives
[77]. Among the identified phenolic acids o-coumaric acid, p-hydroxybenzoic and
protocatechuic acids were the predominant phenolic acids in date seeds.
1.4.6 Bioactivity of date seed polyphenols
Date seeds have been used as a coffee bean substitute in Arabic countries [12].
Infusions of date seeds are believed to have memory‐enhancing properties. A study by
Sekeroglu et al. (2012) indicated the inhibitory activities of date seed extracts against
enzymes related to neurodegeneration [85]. The study reported that both date seed
extract and date seed coffee had the highest inhibition against the enzymes
acetylcholinesterase and butyrylcholinesterase. It also reports that date seed extracts
and coffee were also the highest in terms of total polyphenol content compared with
other herbal coffees. Habib and Ibrahim (2011) reported significantly lower levels of
malondialdehyde formation in the liver and the serum of rats supplemented with date
seed powder compared with the control groups [12]. The study found reduced lactate
dehydrogenase and creatine kinase enzyme levels in the serum, which indicates that
date seeds were effective in protecting the animals against cellular damages. The
authors attributed the evidence to its polyphenol content.
Another study on rats by Takaeidi et al. (2014) found that date seed extract can
promote the activity of serum paraoxonase in rats fed with regular and
hypercholesterolemic diets [14]. Paraoxonase is an antioxidant enzyme and protects
against oxidative stress, and restoring paraoxonase activity is associated with a lower
risk of developing cardiovascular complications in diabetic patients [86]. Additionally,
date seed was effective in reducing DNA-binding and methylation with N‐nitroso‐N‐
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methyl urea, which is a well‐known carcinogen [87]. Another study tested the nephronprotective effect of date seeds in an animal model with carbon tetrachloride toxicity
and found that with supplementation of date seeds, the kidneys were protected against
oxidative stress [88]. Treatment with date seeds preserved kidney histology and
function. Also, it significantly lowered lipid peroxidation and nitric oxide levels in the
kidney and restored superoxide dismutase and glutathione-S-transferase activities.
Similarly, the ameliorative activity of date seed extract on carbon tetrachlorideinduced hepatoxicity was evaluated in Wistar rats [89]. In this study, rat diet
supplemented with aqueous extract of date seeds resisted hepatic damage. The study
reported that with date seed aqueous extract supplementation plasma enzyme was
significantly lowered along with bilirubin concentration and there were lower levels
of histological liver damage induced by carbon tetrachloride. Other studies have shown
that date seed powder possess antioxidant activity in male Wistar rats fed with a basal
diet comprising of 2, 4 or 8 g/kg date seed powder. It was observed that antioxidant
defence systems of the organs and the serum were significantly improved in rats fed
with date seed powder-diet compared to control diet. Moreover, date seed powder
lowered oxidative damage in the rat’s brain, muscle and liver without changing the
functions of the organs [90]. Therefore, date seed polyphenols have demonstrated
active, health-promoting properties when tested in animal models. However,
investigations are needed in humans to establish its efficacy as a polyphenol source in
the human diet.
1.4.7 Date seeds in food products
Due to its high polyphenol content, there is a growing research interest in date
seeds. Date seeds were popular as a coffee bean substitute in the Middle East
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traditionally and is now gaining popularity again as a decaffeinated substitute for
coffee due to its antioxidant content. Some commercial products are currently
available in the market as date seed coffee [91]. These products are increasing in
demand among customers looking for healthy caffeine-free alternatives to coffee. Date
seeds have also been used to increase the fibre content in foods due to its high content
of insoluble fibre. Several studies have reported the enhancement of dietary fibres in
baked products enriched with different varieties of date seeds [92, 93]. A study on
functional Arabic pita bread produced with different concentrations of date seed
powder (5, 10, 15 and 20%) by Platat et al. (2015), found that incorporation of higher
percentages of date seed powder resulted in high phenolic content and antioxidant
activities compared with regular and whole wheat bread [17]. The results from the
study indicated comparable dietary fibre levels to whole wheat bread. Moreover,
acrylamide levels (a known neurotoxin) were significantly lower in date seed bread
compared to whole wheat bread. Bouaziz et al. (2010) incorporated a defatted date
seed fibre concentrate from Deglet Nour variety seeds into pita bread and noticed an
improvement in cellulose and hemicellulose content. They reported that coursedefatted date seed powder could improve dietary fibre contents without significant
adverse effects to the bread quality [92]. In addition to bread enrichment, Bouaziz et
al. (2017) examined the quality attributes of a chocolate spread enriched with soluble
and insoluble fibre concentrates from date seeds. The study reported favourable
responses from the sensory panels as well as high oil binding capacity and similar
firmness, chewiness and adhesiveness compared with the control [94].
In another study, muffins were prepared by incorporating date seed powder
hydrolysate and date seed powder [95]. Date seed powder hydrolysate significantly
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increased the moisture content and improved the texture of the muffins. Both date seed
powder and its hydrolysate exhibited significant radical scavenging activity against
1,1-diphenyl-2-picrylhydrazyl and hydroxyl radicals [95]. Besides, date seeds were
also used as a functional ingredient in meat products. It was reported that antioxidant
extracts of date seeds improved the oxidative stability of ground beef by lowering the
thiobarbituric acid-reactive substrates of the product compared to the control [96].
Moreover, two studies have reported incorporating date seed powder in yoghurt as a
source of polyphenols [20, 97]. The results from the study by Jambi (2018) indicated
a gradual increase of pH values, dietary fibre, phenolic content and antioxidant activity
of the yoghurt and reports that yoghurt prepared with up to 3% date pit powder had a
similar appearance, flavour, texture, consistency, and overall acceptance as control
yoghurt [97]. The second study by Srisena et al. (2017) incorporated date seed powder
in yoghurt to study bioaccessibility [20]. Specific polyphenols in the product were
tested for their stability during the digestive process and found that catechin,
epicatechin and procyanidin A2, B1 and B2 were stable during simulated gastric and
sequential intestinal digestion.
1.4.8 Absorption and metabolism of date seed polyphenols
Bioaccessibility and bioavailability of polyphenols are two critical factors that
govern the bioactivity of polyphenols in vivo. Bioaccessibility is defined as the
accessibility of a nutrient from food matrixes that are available for absorption during
digestion; thus, it becomes a prerequisite for its bioavailability in the body [98, 99].
Bioavailability is defined as the proportion of a nutrient that is digested, absorbed and
metabolised in the human body [98]. Hence, in terms of nutrients, it is not only
essential to know how much is present in a specific food or dietary supplement, but it
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is also essential to know how much of that reaches the circulation in order to bring
about any meaningful health outcomes.
The polyphenols in food are present either in the free form or associated with
or weakly bound to food matrix components such as protein and dietary fibre [100].
The release of these polyphenols from the food matrix is an essential factor that
governs bioaccessibility and absorption and thereby its bioavailability (Figure 4). This
process requires better solubilisation of the food component during the digestion
process [101]. An initial indicator of the absorption of polyphenol through the gut
barrier is the increase in antioxidant capacity of the plasma after consumption of
polyphenol-rich foods. Numerous studies have indicated such results for a wide variety
of polyphenol sources, such as tea, red wine or black currant and apple juice [102].
Direct evidence of the bioavailability of polyphenols is obtained by measuring the
concentration of the polyphenol metabolites in plasma and urine after the ingestion of
either pure polyphenolic compounds or of polyphenol-rich foods [103]. The chemical
structure of polyphenols is a crucial factor that dictates the rate and extent of intestinal
absorption and their metabolites circulating in the plasma. Chemical structures also
influence the conjugation reactions with methyl, sulfate or glucuronide groups and the
nature and amounts of metabolites formed by the colonic microflora [71, 104].
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Figure 4: Schematic representation of bioaccessibility and bioavailability.

Plant materials in general, including date seeds, contain significant levels of
tannin-like high molecular weight polymeric proanthocyanidins that are not easily
solubilised; thus, their bioaccessibility and absorption are low during digestion [71].
Free and bound low molecular weight polyphenols that are released during digestion
in the small intestine are either absorbed at this stage or passed onto the colon where
bacterial fermentation occurs, leading to the release of microbial metabolites. A
schematic representation of the route of ingested polyphenols is provided in Figure 5.
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Figure 5: Fate of dietary polyphenols in humans. Adapted from Scalbert and
Williamson (2000) [98].

A significant part of the polyphenols ingested is absent in urine which implies
they have either not been absorbed through the gut barrier or absorbed and excreted in
the bile or metabolised by the colonic microflora (Figure 5) [105]. Only very few
studies of the intestinal absorption of polyphenols in humans are available. In order to
maintain a high concentration of polyphenols in plasma, repeated ingestion of the
polyphenols overtime is required. This trend was observed with volunteers consuming
tea every 2 hours [106]. However, the half-life of metabolites formed in the colon is
longer due to more prolonged presence of the food material in the colon [19].
Flavanols, which are abundantly present in date seeds such as catechins and
epicatechins, are often acylated, especially by gallic acid. Galloyl substitutions do not
influence the bioavailability of polyphenols as dramatically as glycosylation (in case
of most other flavonoids) [62]. Flavanols pass through biological membranes and are
absorbed without deconjugation or hydrolysis [107]. Phenolic acids reported in date
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seeds like hydroxycinnamates (such as ferulic acid and caffeic acid) are also
commonly esterified to sugars, organic acids and lipids. These ester-linked
substitutions have a definite effect on the chemical, physical and biological properties
of these polyphenols [103]. For example, there are no esterases in human tissues that
can cleave caffeic acid from chlorogenic acid [62]. Consequently, the only site for
chlorogenic acid metabolism is the colon where the gut microbial metabolism occurs.
Ferulic acid and other hydroxycinnamic acids bound to plant cell walls are also not
released by endogenous enzymes in mammals, but require release by enzymes such as
xylanases and esterases of the colonic microflora [108].
Proanthocyanidins, because of their large molecular weight, are not easily
absorbed in the small intestine, and their absorption through the gut barrier is scarce
[71]. Studies with Caco-2 model of intestinal absorption with radiolabeled
procyanidins have reported the absorption of dimer and trimers of procyanidins in
contrast to proanthocyanidin polymers [109]. The rate of absorption of dimer and the
trimer molecules were similar to catechins in the study. The unabsorbed
proanthocyanidins move to the colon where these polyphenols are actively
metabolized by the gut microbes to release their bioactive metabolites (Figure 6).
Colonic fermentation of proanthocyanidins releases epicatechins and catechins, which
can then aid the release of their conjugated forms such as methyl-epicatechin, methylepicatechin sulphate and methyl-epicatechin glucuronide. Catechin or epicatechin
molecules can be also further metabolized to valerolactone compounds such as 3,4dihydroxyphenyl valerolactone and their conjugated forms. These valerolactone
compounds are further metabolized downstream by the microbes to yield several
phenolic acids such as hydroxyphenylvaleric acid, hydroxyphenyl propionic acid as
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well as hydroxyphenyl acetic acid. These phenolic acids also again further metabolized
to release several other bioactive phenolic acids such as protocatechuic acid, vanillic
acid and ferulic acid [109].

Figure 6: Proposed metabolism of proanthocyanidins by the colonic microbiota.
Adapted from Mateos-Martín et al. (2012) [110]

In general, the polyphenols in the intestine which absorbed by intestinal
epithelial cells by active, passive or facilitated transport and are metabolized by phaseII enzymes such as cytosolic β-glucosidase (CBG), UDP glucuronosyltransferase
(UDPGT), sulfotransferase (SULT), catechol-O-methyltransferase (COMT) or lactase
phlorizin hydrolase (LPH) present in brush border epithelium [98, 111] (Figure 7).
These sulphated, methylated, or glucuronidated metabolites, which are referred to as
phase-II metabolites, then enter the enterohepatic circulation and may undergo further
transformations in the hepatic cells. Following the metabolism in the liver, these
metabolites reach the systemic circulation, and they finally enter kidneys, leading to
urinary excretion [111]. The polyphenols that are bound to the food matrix (and thus are
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inaccessible to the digestive enzymes) and free polyphenols that are unabsorbed, reach the
colon where they are metabolised by the colonic microbiota.

Figure 7: Simplified schematic representation of polyphenol metabolism. CBGCytosolic β-glucosidase, LPH- lactase phlorizin hydrolase, UDPGT- UDP
glucuronosyltransferase,
COMTCatechol-O-methyltransferase,
SULTSulfotransferase. Figure adapted from Scalbert and Williamson (2000) [98].

1.5 Potential Contributions of the Study
Date seeds are an established source of polyphenols, and several studies have
explored the health properties of dates seeds by in vitro techniques and in vivo animal
models and established its claim as a useful polyphenol source. However, limited
information is available on its bioaccessibility and no investigation has been carried
out in humans to understand the bioavailability of the polyphenols from date seeds.
Similarly, a study on the antioxidant effect of date seed polyphenols has not been
carried out in humans. This doctoral research aimed to address those gaps in
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knowledge. The goal of this doctoral work was to investigate date seed in three forms
proposed for incorporation to human diet; date seed powder (DSP), date seed extract
(DSE) and date seed pita bread (DSB). The investigations which involve mass
spectrometric profiling of all polyphenol compounds and their quantification in these
three forms combined with data on its bioaccessibility and bioavailability will have a
significant benefit to the date industry. The in vivo human work in this doctoral study
will be the first-ever report of bioavailability of date seed polyphenol and its
antioxidant activity in humans. This study will, therefore, be a crucial turning point
by validating the use of date seeds as a functional ingredient and/or dietary supplement.
Therefore, the current work will open new possibilities for the valorisation of a wasted
by-product of the date-processing industry. It will also have benefits for the
environment by reducing waste from the date industry through increased utilisation of
its by-product.
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Chapter 2: Methods

2.1 Experimental Design
The overall study was carried out in three stages (Figure 8) concurrent with the
objectives of the research work, as described in Chapter 1. All chemical analyses and
in vitro digestions involved three individual experiments (trials), and measurements
within each experiment were performed either in duplicates or triplicate. For the in
vivo bioavailability experiment in human, a cross-over design with six arms was
conducted in 16 adults, including eight women and eight men who were matched for
age and gender. All measurements and chemical analysis of the human study was
performed in duplicates.

Characterisation of
date seed polyphenols
by mass spectrometry

In-vitro bioaccessibility
of date seed
polyphenols

In-vivo bioavailability
of date seed
polyphenol
metabolites

Figure 8: Experimental stages of the study.
2.2 Materials
Date seeds used in the study were from Khalas variety. The seed samples were
supplied by Al Foah Company, Al Ain, UAE. The seeds were collected randomly from
the annual harvest with no preference to size, colour or appearance.
For mass spectrometry analysis, HPLC grade methanol, acetonitrile, formic
acid and QTOF grade water and standards rutin, caffeic acid, protocatechuic acid,
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catechin and quercetin were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Chemicals for sample preparation and in vitro digestion phloroglucinol, HCl, ascorbic
acid, sodium acetate, sodium chloride, potassium chloride, butylated hydroxytoluene
(BHT) and sodium bicarbonate either reagent grade or analytical grade and the
enzymes for in vitro digestion pepsin, pancreatin and bile extract were also purchased
from Sigma-Aldrich (St. Louis, MO, USA). The kits for clinical biochemistry analysis
of serum samples were purchased from Roche Diagnostics (Risch-Rotkreuz,
Switzerland).
Chemicals for the various chemical analysis: Folins-Ciocalteu reagent, gallic
acid standard, Trolox standard, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4,6tripiridyl-S-triazine (TPTZ), ferric chloride, 2,2-Azino-bis-(3-ethylbenzothiazoline-6sulphonic acid (ABTS), ethylenediaminetetraacetic acid (EDTA), bovine serum
albumin (BSA), 5,5’-dithiobis-(-2-nitrobenzoic acid) (DTNB), 2,4-dinitrophenyl
hydrazine (DNPH) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Other
chemicals such as sodium carbonate, sodium phosphate, acetic acid, sodium
hydroxide, copper sulphate pentahydrate, sodium potassium tartrate, trichloroacetic
acid (TCA), tris-EDTA, thiobarbituric acid (TBA), butanol and guanidine-HCl were
purchased from Pancreac AppliChem (Ottoweg, Germany).
Materials for cell culture Dulbecco’s Modified Eagles Medium (DMEM)
(Gibco, 12800-017), foetal bovine serum (FBS) (Gibco, 10437-028), penicillinstreptomycin cocktail (Gibco, 15140-148) and 0.25% Trypsin (Gibco, 25200-056)
were obtained from Thermo-Fisher Scientific (Waltham, MA, USA). Transwell
polycarbonate membrane cell culture inserts (Corning, CLS3412) was purchased from
Sigma-Aldrich (St. Louis, MO, USA).
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2.3 Preparation of Date Seed Samples
The date seeds were first soaked and washed with water to remove any
adhering date flesh or other impurities. The seeds were then sun-dried for a day
following which they were ground using a hammer mill to yield a coarse powder. The
coarse powder was ground to a fine powder in a heavy-duty grinder (IKA M20
Universal Mill, IKA Worke, Staufen, Germany). The powder was then sieved by a
motorised sieve shaker machine BSS 200 (Bionic Scientific Technologies, India) and
particles of less than 300 microns were used for the study as DSP.
The date seed breads (10% and 15% DSB) were baked in-house using the
procedure as described by Platat et al. (2015) [17]. Briefly, the bread dough containing
100-parts flour (15% DSP or 10% DSP), 2.4-parts sugar, 1-part salt, 0.8-part yeast and
50-parts water was mixed thoroughly using Kenwood kitchen machine KVL 84305
for 15 minutes. The dough was then left to ferment at 40°C for 25 minutes. The dough
was divided into small batches and proofed for another 25 minutes at 40°C. Next, the
dough was flattened into sheets of approximately 1.7 mm thickness and proofed again
for another 15 minutes at 40°C. The sheeted dough was finally baked at 500°C for 1
minute to yield DSB.
DSE was prepared by extracting the coarsely ground date seeds with ethanol:
water (1:1) solution. The mixture was left in shaking mixer at room temperature
overnight. Following overnight mixing, the extract was filtered using Whatman filter
paper, and reduced under nitrogen for two days before vacuum drying using a benchtop
freeze dryer Freezone 2.5 (Labconco, MO, USA) to yield the extract. The date seeds
samples used in the study is provided in Figure 9.
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Figure 9: Date seeds samples used in the study.

2.4 Characterisation of Date Seed Polyphenols
2.4.1 HPLC-ESI-UV/MS/MS (IT) analysis of date seed samples
Mass spectrometry analysis of DSP, DSE, and DSB was performed to assess
the polyphenol profile. The methodology adopted was described earlier by GarciaVillalba et al. (2016) [112]. The date samples, DSP (150 mg), DSB (150 mg) and DSE
(50 mg) were extracted with 10 mL methanol: water solution (70:30, vol/vol)
containing 0.1% HCl by vortexing briefly and sonicating in a water bath sonicator for
5 minutes. The samples were then centrifuged at 5000 rpm for 10 minutes in a benchtop centrifuge Eppendorf 5804R (Eppendorf, Hamburg, Germany). The supernatant
was retrieved and was filtered with a 0.22 µm filter and used for the analysis.
The analysis was carried out using Agilent 1200 HPLC system (Agilent
Technologies, Waldbronn, Germany) equipped with a photodiode array detector and
Bruker Daltonics ion-trap mass spectrometer detector (Bruker Daltonics, MA, USA).
The column used for the analysis is a reverse-phase Pursuit XRs C18 column of
dimension 250×4 mm and 5 µm particle size. The mobile phases for the experiment
were water containing 1% formic acid (A) and Acetonitrile (B) following a gradient
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profile of 0-5 minutes, 3% B; 5-15 minutes, 9% B; 15-45 minutes, 16% B; 45-47
minutes, 50% B; 47-52 minutes, 90% B; 52-57 minutes, 3% B and then return to initial
conditions. The injection volume and flow rates were 8 µl and 800 µl/min,
respectively. The column was maintained at room temperature. The scan wavelength
was performed in DAD at 280 nm, 360 nm, and 340 nm. The ion trap (IT) mass
spectrometer was equipped with ESI. Nitrogen was used as drying gas with a flow rate
of 11 l/min at a temperature of 350ºC and nebulising gas at a pressure of 65 psi. The
capillary voltage was set at a 4 kV. Mass scan and daughter spectra were recorded at
the negative mode in the range of m/z 100-1200 with a target mass of 300. Maximum
accumulation of time of ion trap and number of MS repetition to obtain average spectra
were set at 200 nm and three respectively. The compound stability was set at 75%. The
peaks obtained were analysed by Bruker Data Analysis software.
2.4.2 Depolymerisation of date seed polyphenols by phloroglucinolysis
DSP, DSE and DSB samples were subjected to phloroglucinolysis to
breakdown the polymeric proanthocyanidins in the non-extractable portion of the date
seeds. This allows for the accurate quantification of procyanidins in date seeds. The
method used was described earlier by Kennedy and Jones (2001) [113]. Briefly, 50 mg
of DSP, 25 mg of DSE and 150 mg of DSB was mixed with 800 µl of
phloroglucinolysis solution (methanol containing 0.1 N HCl, phloroglucinol 50
mg/mL, and ascorbic acid 10 mg/ml). The mixture was vortexed and incubated at 50°C
for 20 minutes. Following the incubation, the samples were placed on ice, and 1 ml of
sodium acetate (40 mM) was added to the mixture. The samples were centrifuged at
5000 rpm in a bench-top centrifuge Eppendorf 5804R (Eppendorf, Hamburg,
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Germany) and the supernatant was retrieved for HPLC-ESI-UV/MS/MS (IT) analysis
as described in Section 2.4.1.
2.5 In vitro Bioaccessibility of Date Seed Polyphenols
2.5.1 In vitro digestion of date seed samples
The methodology followed was described by Liu et al. (2004) [114]. The
quantity of date seed samples used for digestion experiment was standardised by
assessing the total polyphenol content using the method described in Section 2.5.2.
This was carried out to ensure a detectable level of polyphenols following digestion
since digestion experiments result in diluted samples. 2 g of DSP, 2 g of DSB and 500
mg of DSE were mixed with 10 mL of saline (140 mM NaCl, 5 mM KCl, 150 µM
BHT) using a homogeniser. The samples were further diluted with the saline solution
following homogenisation to create a final volume of 18 ml. The solution was then
acidified to pH 2 with 1 M HCl. The samples were mixed with 0.5 mL of pepsin
solution (0.2 g of pepsin in 5 ml of 0.1 M HCl) and incubated in a shaking water bath
at 37ºC for 1 hour. After gastric digestion, the pH of the sample was increased to 6.9
with 1 M NaHCO3. Intestinal digestion was performed with the addition of 2.5 ml of
pancreatin-bile solution (0.45 g of bile extract and 0.075 g of pancreatin in 37.5 ml of
0.1 M NaHCO3). The samples were incubated in a shaking water bath at 37ºC for 2
hours and centrifuged at 7000 rpm for 15 minutes in a bench-top centrifuge Eppendorf
5804R (Eppendorf, Hamburg, Germany), and the supernatant was retrieved. The
supernatant was stored in -80°C for further analysis.

37
2.5.2 Polyphenol content of digested date seed samples
Folin’s assay was used to determine the total phenolic content in the date seed
samples (digested and undigested) using gallic acid as standard [115]. Briefly, 100 µl
of date seed samples (digested and undigested DSB, DSE or DSP) or gallic acid
standard is mixed with 200 µl of Folin–Ciocalteu reagent and 800 µl of sodium
carbonate solution are added to the mixture within 30 seconds to 8 minutes of addition
of Folin-Ciocalteu reagent. The samples or standards are then incubated at room
temperature for 120 minutes under dark conditions. Following incubation, the
absorbance of the mixture was measured at 750 nm by the Multiscan Go
spectrophotometer (Thermo-Fisher Scientific, MA, USA). Total phenolic content of
the sample was expressed as mg of gallic acid equivalents (GAE) per gram of the
sample.
2.5.3 Antioxidant capacity of digested date seed samples
DPPH radical scavenging capacity of digested and undigested date seed
samples was determined using the method described by Janaszewska and Bartosz
(2002) [116]. 20 µl of the sample or standard trolox was added to 380 µl of 10 mM
sodium phosphate buffer (pH 7.4) and to this mixture 400 µl of 0.1 mM DPPH in
methanol was added. The mixture was incubated for 30 minutes at room temperature
under dark conditions following which absorbance was read at 517 nm using Multiscan
Go spectrophotometer (Thermo-Fisher Scientific, MA, USA). The results were
calculated against the standard curve build from trolox, and the antioxidant activity
was expressed as trolox equivalents (TE).
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Ferric Reducing Antioxidant Power (FRAP) assay was performed to study the
reducing power of the undigested and digested samples of DSB, DSE and DSP
following the method of Benzie and Strain (1999) [117]. 20 µl of the sample or
standard trolox was added to 600 µl of freshly prepared working FRAP reagent (300
mM acetate buffer (pH 3.6), 10 mM TPTZ in 40 mM HCl and 20mM FeCl6 in the ratio
of 10:1:1, prewarmed to 37ºC). The mixture was incubated for 5 minutes, following
which the absorbance of the mixture was read at 593 nm using Multiscan Go
spectrophotometer (Thermo-Fisher Scientific, MA, USA). The results were calculated
against the standard curve build from trolox, and the antioxidant activity was expressed
as TE.
Trolox Equivalent Antioxidant Activity (TEAC) was measured using
scavenging activity of the digested and undigested DSP, DSE and DSB samples
against ABTS using the method described by Re et al. (1999) with minor
modifications [118]. 600 µl of ABTS solution in 10 mM sodium phosphate buffer (pH
7.4, initial absorbance at 734 nm of 0.7) was added to 10 µl or standard trolox. After
5 seconds, the absorbance of the mixture was measured at 734 nm using Multiscan Go
spectrophotometer (Thermo-Fisher Scientific, MA, USA). The results were calculated
against the standard curve build from trolox scavenging activity.
2.5.4 Recovery of polyphenols from digested date seed samples
2 ml supernatant of the digested samples (DSP, DSB and DSE) were freezedried using a benchtop freeze dryer Freezone 2.5 (Labconco, MO, USA) and
reconstituted with 500 µl of methanol. The sample was vortexed thoroughly to ensure
proper mixing in methanol. The samples were filtered with a 0.22 µm filter and used
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for complete polyphenol analysis by HPLC-ESI-UV/MS/MS (IT) analysis described
earlier in Section 2.4.1.
2.5.5 Caco-2 model for polyphenol transport
0.3×106 Caco-2 cells were seeded on transwell semi-permeable membrane
support (6 well, 4.67 cm2, 0.4 µm pore size membrane) and cultured in DMEM
substituted with 10% foetal bovine serum, 100 U/mL penicillin and 100 µg/mL
streptomycin and incubated at 37ºC in 5% CO2 incubator. The basolateral chamber of
the transwell plate was filled with the same culture media. The culture media was
changed every 2-3 days in both the apical and basolateral chambers of the transwell
plate.
In order to confirm the development of Caco-2 monolayer, the trans-epithelial
electrical resistance (TEER) value of the culture was measured every three days using
EVOM2 Epithelial Voltohmeter with Chopstick Electrodes (World Precision
Instruments, FL, USA). The TEER value of the culture was measured using the
formula, R(tissue) (Ω/cm2) = R(Total) - R(Blank), where, R(Total) is the measured resistance of
the cell layer, R(Blank) is the measured resistance of the blank plate without cells. A
Caco-2 monolayer formation is confirmed by the calculated value of R(Tissue) above 400
Ω/cm2. Once monolayer is confirmed, the digested sample of DSP, DSB, and DSE was
mixed with culture media (1:1 vol/vol) and introduced to the Caco-2 monolayer and
incubated at 37ºC in 5% CO2 incubator for 4 hours. The basolateral chamber of the
transwell plate received 1 ml of regular growth medium devoid of digested date seed
samples. After incubation, culture media from apical and basolateral chambers of the
transwell plate was retrieved for UPLC-ESI-QTOF (MS/MS) analysis.
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2.5.6 UPLC-ESI-QTOF (MS/MS) analysis of cell culture samples
1 ml culture media from the apical and basolateral chamber of the transwell
plate was lyophilised using a benchtop freeze dryer Freezone 2.5 (Labconco, MO,
USA). The samples were reconstituted with QTOF grade water containing 1 ppm rutin
as an internal standard. The samples were then filtered using 0.22 µm syringe filter
and injected in Agilent 1290 Infinity UPLC system coupled to a 6550 Accurate-Mass
Quadrupole time-of-flight (QTOF) (Agilent Technologies, Waldbronn, Germany).
The method followed was described earlier by Garcia-Villalba et al. (2016) [112]. The
mobile phases were water with 0.1% formic acid and acetonitrile with 0.1% formic
acid. The injection volume was 3 µl. Poroshell 120 EC-C18 column (3 × 100 mm, 2.7
µm) (Agilent Technologies, Waldbronn, Germany) was used for the experiment and
column was maintained at 30ºC. The flow rate was 0.4 ml/minute, and the following
gradient was set up for the analysis. The linear gradient started with 5% of solvent B
in A, reaching 18% solvent B at 7 minutes, 28% at 17 minutes, 50% at 22 minutes,
and 90% at 27 minutes which was maintained up to 28 minutes. Initial conditions were
re-established after 29 minutes.
The following instrument parameters were maintained for ESI; flow rate 0.4
ml/minute, gas temperature 300ºC, drying gas 11 l/min, nebuliser pressure 45 psi,
sheath gas temperature 400ºC and sheath gas flow 12 l/min. The spectra were acquired
in scan MS mode with m/z range of 100–1100, in negative polarity mode. The
acquisition rate was 1.5 spectra/s. MS/MS parameters were set as m/z range of 50–800
with a retention time window of 1 minute and collision energy from 20 to 40 V and an
acquisition rate of 4 spectra/s. The data processing was carried out with MassHunter
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Software for Qualitative Analysis (version B.06.00, Agilent Technologies,
Waldbronn, Germany).
2.6 In vivo Bioavailability of Date Seed Polyphenols
2.6.1 Study participant screening and recommendations
For the human study, 16 generally healthy adults, including eight women and
eight men were recruited. They were recruited after an initial screening visit during
which the subjects were screened based on the inclusion and exclusion criteria. The
participants who matched the criteria were recruited after obtaining informed consent.
Inclusion criteria for the study were: participant age between 18 and 55 years, normal
weight status (BMI between 18.5 and 24.9 kg/m2), no metabolic or intestinal disorders,
no history of gastrointestinal surgery (except for appendectomy), under no prescription
medications, no alcohol consumption, non-smoking, did not receive antibiotic
treatment six months before inclusion in the study and no blood donation during the
month preceding the inclusion. The study was conducted in the Ain Al Khaleej
Hospital, Al Ain, United Arab Emirates.
On the days of the study, the subjects were asked to stop food intake 10-12
hours before reporting at the hospital. Subjects were asked to report at the hospital at
7 am on the study days to receive the date seeds-based products (described in Section
2.6.2), along with their breakfast. The order for ingestions of the date seed products
was the same for all the subjects and a two-week wash-out period was given between
two consecutive tests. On each occasion, subjects stayed at the hospital during the 8
hours following the ingestion of the date seed product, then, left for the night and came
back at 7 am the day after. Two days before the test, subjects were asked not to perform
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any moderate or vigorous physical activity and to stop consuming any polyphenol-rich
products, including dates. A list of food products to avoid was provided to the subjects
on the day of the recruitment for the study. In addition to a written information sheet,
oral explanations were provided to each subject about the aim and procedures of the
trial. Written informed consent was obtained from the subjects form before any data
collection. The protocol was approved by the Al Ain Medical District Human Research
Ethics Committee, on 16th December 2014 (protocol number 14/70).
2.6.2 Date seed treatments
The date seed products were administered to the participants as six treatments
(Table 1). DSP1 0.25 g/kg body weight and DSP2 0.5 g/kg body weight was consumed
as a beverage after mixing with water about 330 ml water. A non-nutritious mango
flavouring agent was added for the palatability of the beverage. For each DSB
treatments, DSB1 10% and DSB2 15%, six loaves of each were consumed. Each loaf
was around 60 g in quantity. DSE had a paste-like consistency and was consumed as
a spread on the bread provided with breakfast or mixed with water and consumed by
the participants along with their breakfast. The two doses were DSE1 30 mg/kg body
weight and DSE2 60 mg/kg body weight. All treatments were consumed along with a
breakfast, which was covering 50% of the individual daily energy needs as calculated
by the Harris-Benedict equation and was containing 10-15% of fat, 15-20% protein.
DSP1, DSP2, DSE1 and DSE2 were offered with regular Arabic bread and butter.
DSB1 and DSB2 were consumed with butter and water. Subjects were requested to
finish the entire breakfast. For the next 8 hours, only water was allowed. If a subject
reported any food consumption within the past 10 hours preceding the study, the
experiment was cancelled and rescheduled as soon as possible.
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Table 1: Description of the date seed treatments

0.25 g/kg body weight

Polyphenols
content of the
product (g/kg)
49.75

Total average
dose of
polyphenols*(g)
0.74

DSP2

0.5 g/kg body weight

99.5

1.48

DSB1

10% date seed bread

13.48

1.79

DSB2

15% date seed bread

26.96

2.69

DSE1

30 mg/kg body weight

41.11

0.075

DSE2

60 mg/kg body weight

82.22

0.15

Treatment
code

Dose

DSP1

*The average body weight of the sample was considered for calculation of the average
dose. For both DSB1 and DSB2, six loaves of around 60 g each were served along
with the breakfast.

2.6.3 Blood and urine collection
The time points of interest for blood and urine collection is described in Figure
10 and Figure 11, respectively. Blood was collected on serum separating tubes for
serum samples and EDTA tubes for plasma samples by a trained phlebotomist at the
hospital. The blood samples in EDTA tubes were immediately centrifuged at 3000 rpm
for 10 minutes in a bench-top centrifuge Eppendorf 5804R (Eppendorf, Hamburg,
Germany) and the supernatant and plasma samples were retrieved. The blood in the
serum separating tubes was allowed to clot at room temperature for 15 minutes
following which the samples were centrifuged at 7000 rpm for 10 minutes in a benchtop centrifuge Eppendorf 5804R (Eppendorf, Hamburg, Germany) and the supernatant
serum samples were retrieved. Plasma and serum were stored at -80⁰C for further
analysis. The participants were provided with urine collection containers for sample
collection. Urine samples were collected at baseline and 24 hours. In between,
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cumulative urine was kept in a hermetic and labelled container, in the fridge, over the
post-ingestion periods 0-3 hours, 3-8 hours and 8-24 hours. All urine samples were
stored at -80⁰C before analysis.

Figure 10: Blood collection plan for the in vivo human study.

Figure 11: Urine collection plan for the in vivo human study.

2.6.4 Biochemical parameters
The clinical biochemistry parameters such as glucose, total cholesterol, LDLcholesterol, HDL-cholesterol, triglycerides, creatinine, albumin, urea, creatine kinase
(CK), lactate dehydrogenase (LDH), gamma-glutamyl transferase (GGT), aspartate
aminotransferase (AST), alanine transaminase (ALT) and alkaline phosphatase (ALP)
were measured with commercially available assays kits for Cobas C111 analyser
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(Roche Diagnostics, Risch-Rotkreuz, Switzerland). NCEP guidelines were used as a
reference for the lipid profile. For all the other biochemical parameters, normal ranges
as provided by the manufacturer in the kit insert was used as the reference.
The plasma samples obtained from the subjects were used to measure the total
protein content. Lowry’s protein assessment method was adopted for the purpose
[119]. Briefly, 100 µl of standard (bovine serum albumin) or 4-fold diluted plasma
samples were mixed with assay reagent (50 parts 2% sodium carbonate in 0.1 N sodium
hydroxide and 1 part 0.5% copper sulphate pentahydrate in 1% sodium potassium
tartrate). The mixture was vortexed briefly and allowed to react for 10 minutes at room
temperature. Following the incubation, colour reagent (Folin–Ciocalteu reagent and
deionised water in the ratio of 1:1) was added to the mixture and mixed thoroughly
using a vortex and allowed to incubate under dark conditions for 30 minutes. The
absorbance of the samples and standard was read at 750 nm using n the absorbance of
the mixture was read using Multiscan Go spectrophotometer (Thermo-Fisher
Scientific, MA, USA). The total protein values were extrapolated from the standard
curve build bovine serum albumin.
2.6.5 Analysis of polyphenol metabolites in urine
UPLC-ESI-QTOF (MS/MS) was employed to analyse the polyphenolic
metabolites in urine using the method described earlier in Section 2.5.6. 1 ml of
lyophilised urine sample was reconstituted with QTOF grade water. 1 ppm rutin was
added to QTOF grade water as an internal standard. The urine sample was then filtered
using 0.22 µm syringe filter and injected in Agilent 1290 Infinity UPLC system
coupled to a 6550 Accurate-Mass Quadrupole time-of-flight (QTOF) MS system
(Agilent Technologies, Waldbronn, Germany).
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2.6.6 Assessment of glutathione (GSH)
The plasma samples from subjects were assayed for the reduced form of
glutathione (GSH) as a marker of tissue antioxidant status. The measurements were
done at T0, T1, T2, T8 and T24 samples which represent samples from baseline, 1
hour, 2 hours, 8 hours and 24 hours after ingestion of date seed treatments respectively.
The method adopted was described by Sedlak and Lindsay (1968) [120]. This assay
measures the non-protein sulfhydryl groups (NP-SH) by spectroscopy using Ellman’s
reagent. 100 µl of plasma was precipitated with 100 µl 20% TCA (vol/vol). The sample
was centrifuged at 5000 rpm for 10 minutes in a bench-top centrifuge Eppendorf
5804R (Eppendorf, Hamburg, Germany) and 100 µl supernatant was retrieved. 100 µl
of 0.2 M tris buffer (pH 8.9, substituted with 0.2 M EDTA solution in the ratio of 10:1)
was added to the supernatant followed by 5 µl of 0.01 M DTNB in methanol (Ellman’s
reagent). The sample absorbance was read against blank at 412 nm using Multiscan
Go spectrophotometer (Thermo-Fisher Scientific, MA, USA) within 5 minutes of
adding DNTB reagent. The GSH content in plasma in nmol/ml was calculated using
the Beer-Lamberts formula substituted with molar extinction co-efficient of reduced
DTNB 13.6 mM-1cm-1.
2.6.7 Assessment of lipid peroxidation
Lipid peroxidation product, malondialdehyde (MDA), was measured using the
modified thiobarbituric acid reactive substances (TBARS) procedure [121]. Briefly,
400 µl plasma samples were precipitation using 400 µl of 20% TCA and centrifuged
at 10,000×g for 10 minutes in bench-top centrifuge Eppendorf 5804R (Eppendorf,
Hamburg, Germany) to retrieve 400 µl supernatant. The supernatant was incubated
with 400 µl of 0.4% TBA (w/v in 0.2 N HCl) at 60°C for one hour for the formation
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of TBA-MDA adducts. Following the incubation, the adducts formed in the sample
was measured by Waters Breeze HPLC System (Waters, USA). The mobile phase for
the experiment was methanol:0.05 M KH2PO4 buffer pH 6.8 (40:60, v/v) containing
0.2% (v/v) triethanolamine. Xterra MS C18 reverse phase column of 5 μm pore size
was used for the HPLC analysis. The column temperature was 35°C, and the flow rate
was 1 ml/min with an injection volume of 20 μl. The fluorescence detection
wavelength was set at 532 nm (excitation) and 553 nm (emission). The
malondialdehyde content was quantified from the peak area using malondialdehydebis- (diethyl acetal) as standard for the experiment.
2.6.8 Assessment of protein oxidation in plasma
Protein-bound carbonyls (PC) was used to assess the extent of protein oxidation
in the plasma samples. It was determined spectrophotometrically at 370 nm by the
DNPH method described by Castegna et al. (2003) [45]. Briefly, 100 µl of plasma
sample was added to both sample and control tube. 400 µl of 2.5 M HCl is added to
the sample in control tube, and 400 µl of 0.2% DNPH in 2.5 M HCl is added to the
sample in test tubes and vortexed briefly and incubated for 1 hour at room temperature
under dark conditions. 500 µl 20% TCA was added to both sets of tubes and vortexed
to precipitate the proteins in the mixture. The mixture was centrifuged at 10,000×g for
10 minutes in bench-top centrifuge Eppendorf 5804R (Eppendorf, Hamburg,
Germany) and the supernatant was discarded. The protein pellet in the tube was
washed three times with 500 µl wash solution (ethanol: ethyl acetate in the ratio of 1:1
(vol/vol)) by vortexing and centrifuging at 10,000×g for 10 minutes in bench-top
centrifuge Eppendorf 5804R (Eppendorf, Hamburg, Germany). All remaining liquid
in the tube was carefully removed following the third wash, after which the protein
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pellet was air-dried, and the protein was solubilised in 400 µl of 6 M guanidine HCl
solution in sodium phosphate buffer (pH 6.5). The absorbance of the control and test
are read at 370 nm using Multiscan Go spectrophotometer (Thermo-Fisher Scientific,
MA, USA). The results are calculated using the Beer Lambert’s formula substituted
with the molar extinction coefficient of aliphatic hydrazones 22 mM-1cm-1. The results
are expressed as nmol carbonyl groups/mg protein.
2.6.9 Dietary assessment
A food frequency questionnaire was administered to subjects at the time of
screening, to estimate the polyphenol consumption of each subject. The questionnaire
was adapted from the questionnaire developed for Iranian adults by Mirmiran et al.
(2009) [122]. The average daily consumption of polyphenols was estimated by
calculating the polyphenol content of the food products in the food frequency
questionnaire,

as

indicated

in

the

Phenol-Explorer

database.

Database

URL: http://www.phenol-explorer.eu
2.7 Statistical Analysis
Statistical analysis for the experiments in Sections 2.4 and 2.5 was performed
using GraphPad Prism software version 8.1.2. Multiple comparisons were performed
by the Tukey test for all quantitative parameters to identify the significance of the
difference between the test groups. P-value of <0.05 was considered as statistically
significant. SPSS software version 24 was used to perform statistical analysis for
experiments in Section 2.6. Means ± standard deviations were calculated. ANOVA
was used to compare data between gender. When no gender difference was detected,
results for the whole sample were presented. Results for biochemical parameters, at
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T0 and T24, were compared with the help of paired t-tests. ANOVA model with
repeated measures was adopted to compare the values of GSH, MDA and protein
carbonyl at T0, T1, T2, T8 and T24. When the assumption of sphericity was violated,
the Greenhouse-Geisser correction was considered. Post-Hoc Bonferroni tests were
used to determine which specific means differed. Gender and average daily
polyphenols consumption in tertiles were introduced as between-subject factors. Data
from urinary excretion of metabolites of date seeds were analysed using the same
parameters. Post Hoc Bonferroni test was used to compare data at baseline (0 hours),
0-3 hours, 3-8 hours and 8-24 hours. Comparisons were also made between the two
doses of DSP, DSB and DSE. GraphPad Prism version 8.1.2 was used to build the
graphs in the whole study.
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Chapter 3: Results
3.1 Date Seed Polyphenol Profile
The predominant polyphenols identified in date seed products tested are
illustrated in Figure 12. A total of 27 polyphenol compounds in DSP, 29 in DSE and
15 in DSB were identified tentatively from the HPLC-ESI-UV/MS/MS (IT) analysis.
The compounds were identified by their UV spectrum and MS fragment ions. Tables
2, 3 and 4 lists the polyphenol compounds detected in DSP, DSE and DSB,
respectively. The tables describe each compound with its peak number in the
corresponding chromatogram (Figures 13, 14 and 15 for DSP, DSB and DSE
respectively), retention time (Rt), accurate mass detected, ionisation (either positive or
negative) and MS/MS fragment ions. The presence of the polyphenolic compounds
was confirmed by published literature, and additionally, the samples were also
analysed by UPLC-ESI-QTOF (MS/MS) to confirm the presence of several
compounds that were previously not reported in date seeds. The main compounds
detected in all three forms of date seeds mainly belonged to the following groups;
hydroxybenzoic acids, hydroxycinnamic acids, flavanols, flavonols, and flavones.
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Figure 12: Predominant polyphenols identified in date seeds.

Table 2: Polyphenol composition of date seed powder
Peak No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Tentative identification
Chelidonic acid
Unknown
Pyrogallol
Protocatechuic acid
Syringic acid hexoside
Procyanidin-B dimer
Procyanidin-B trimer
p-Hydroxybenzoic acid
Catechin
Procyanidin-B dimer
Caffeoylshikimic acid
Epicatechin
Caffeoylshikimic acid
N1, N4-Dicaffeoyl spermidine
Procyanidin-B trimer
Caffeoylshikimic acid
N1, N8-Dicaffeoyl spermidine
Procyanidin-B dimer
Quercetin hexoside

Polarity
+
+
+
-

Rt (min)
5.6
7.1
8.8
10.1
10.6
12.1
12.6
13.2
14.4
15.2
18.2
18.2
18.4
18.9
19.1
19.6
20.3
20.5
24.5

UV
sh236/272

m/z
MS2
185.0 169.0 141.0 123.0 114.0

286
260/294
262/298
234/276
230/278
232/288/312

127
153.2
359.0
577.3
865.5
137.0
288.5
577.0
335.2
289.2
334.6
468.4
865.5
335.4
468.4
577.2
463.0

sh298/328
238/290/328
230/278
334/298/326
240/292/320

109
109.3
197.0
424.7
695.1
108.0
244.4
406.7
179.1
245.2
179.1
332.1
695.1
179.1
332.1
424.9
301.0

85.8
182.0
406.7
557
119.0
204.2
424.7
161.1
205.0
155.2
289.1
557
135.2
289.1
406.9
263.0

167.0
288.5
286.8
136.0
178.1
288.5
135.2
123.2
135.2
384.0
286.8

244.3
739.1
125.1

179.0
423.0
739.1

384.0 423.0
288.7 450.9
425.0

Compounds identified by HPLC-ESI-UV/MS/MS (IT) analysis. Detected compounds were tentatively identified by published literature and
confirmed by UPLC-QTOF MS/MS analysis.
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Table 2: Polyphenol composition of date seed powder (Continued)
Peak No.
20
21
22
23
24
25
26
27

Tentative identification
Kaempferol hexoside
Quercetin hexoside sulphate
Quercetin hexoside related
Diosmetin 7-O-rutinoside
7-O-Hexosyl-diosmetin
Diosmetin hexoside sulphate
Abscisic acid
Quercetin

Polarity Rt (min)
25.2
26.3
27.1
28.1
28.7
30.1
32.2
34.0

UV
256/350

Sh232/264

m/z
446.9
543.5
589.2
607.7
461.2
541.6
262.8
301.1

MS2
301.1
301.1
300.8
299.1
298.8
299.1
152.3
179.1

395.7
241.1
462.9
284.1
445.9
241.0
218.4
151.1

151.0 178.9
436
593.6
443.2
391.6 383.6
284.1
111.3
195.0 273.0

Compounds identified by HPLC-ESI-UV/MS/MS (IT) analysis. Detected compounds were tentatively identified by published literature and
confirmed by UPLC-QTOF MS/MS analysis.
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Figure 13: Chromatogram of date seed powder from HPLC-ESI-UV/MS/MS (IT) analysis.
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Table 3: Polyphenol composition of date seed extract
Peak No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Tentative identification
Chelidonic acid
Unknown
3,4-dihydroxyphenyl acetic acid
Protocatechuic acid hexoside
Protocatechuic acid
Syringic acid hexoside
Unknown
Procyanidin-B dimer
Unknown
p-Hydroxybenzoic acid
Caffeic acid-related
Caffeoylshikimic acid hexoside
Caffeic acid hexoside
Catechin
Procyanidin-B dimer
1-O-sinapoyl-β-D-glucose
Caffeoylshikimic acid
Epicatechin
Caffeoylshikimic acid

Polarity
+
+
-

Rt (min)
5.6
7.1
9.0
9.3
10.1
10.6
10.8
12.1
13.1
13.2
13.4
13.6
14.0
14.4
15.2
15.5
18.2
18.2
18.4

UV
sh236/272

m/z
MS2
185.0 169.0 141.0 123.0 114.0

236/276/306
Sh238/252/292
260/294
262/298

167.2
315.3
153.2
359.0

234/276

577.3 424.7 406.7 288.5 244.3

232/288/312

137.0
401.0
497.0
341.0
288.5
577.0
385.0
335.2
289.2
334.6

232/280/316

236/302
sh298/328
238/290/328

123.2
153.1 109.3 224.9 255.1
109.3
197.0 182.0 167.0

108.0
239.0
335.0
179.0
244.4
406.7
223.0
179.1
245.2
179.1

119.0
179.0
179.0
135.0
204.2
424.7
179.0
161.1
205.0
155.2

136.0
362.0 137.0
161.0
178.1 125.1
288.5
208.0
135.2
123.2 179.0
135.2

Compounds identified by HPLC-ESI-UV/MS/MS (IT) analysis. Detected compounds were tentatively identified by published literature and
confirmed by UPLC-QTOF MS/MS analysis.
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Table 3: Polyphenol composition of date seed extract (Continued)
Peak No.
20
21
22
23
24
25
26
27
28
29
30
31
32

Tentative identification
N1, N4-Dicaffeoyl spermidine
Caffeoylshikimic acid
N1, N8-Dicaffeoyl spermidine
Quercetin hexoside
Abscisic acid hexoside
Kaempferol hexoside
Quercetin hexoside sulphate
Diosmetin 7-O-rutinoside
7-O-Hexosyl-diosmetin
Diosmetin related molecule
Diosmetin hexoside sulphate
Abscisic acid
Quercetin

Polarity
-

Rt (min)
18.9
19.6
20.3
24.5
24.7
25.2
26.3
28.1
28.7
29.3
30.1
32.2
34.0

UV
334/298/326
240/292/320

256/350

Sh232/264

m/z
468.4
335.4
468.4
463.0
461.0
446.9
543.5
607.7
461.2
423.0
541.6
262.8
301.1

MS2
332.1
179.1
332.1
301.0
263.1
301.1
301.1
299.1
298.8
299.0
299.1
152.3
179.1

289.1
135.2
289.1
263.0
153.1
395.7
241.1
284.1
445.9
271.0
241.0
218.4
151.1

384.0 423.0
384.0 423.0
425.0
425.0 219.0
151.0 178.9
443.2
391.6 383.6
243.0 379.0
284.1
111.3
195.0 273.0

Compounds identified by HPLC-ESI-UV/MS/MS (IT) analysis. Detected compounds were tentatively identified by published literature and
confirmed by UPLC-QTOF MS/MS analysis.
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Figure 14: Chromatogram of date seed extract from HPLC-ESI-UV/MS/MS (IT) analysis.

Table 4: Polyphenol composition of date seed bread
Peak No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Tentative identification
Chelidonic acid
Unknown
Pyrogallol
Protocatechuic acid
Syringic acid hexoside
Procyanidin-B dimer
p-Hydroxybenzoic acid
Catechin
Caffeoylshikimic acid
Epicatechin
Caffeoylshikimic acid
Caffeoylshikimic acid
N1, N8-Dicaffeoyl spermidine
Quercetin hexoside sulphate
Unknown
Abscisic acid
Quercetin

Polarity
+
+
+
-

Rt (min)
5.6
7.1
8.8
10.1
10.6
12.1
13.2
14.4
18.2
18.2
18.4
19.6
20.3
26.3
28.9
32.2
34.0

UV
sh236/272

m/z
MS2
185.0 169.0 141.0 123.0 114.0

286
260/294
262/298
234/276
232/288/312

127
153.2
359.0
577.3
137.0
288.5
335.2
289.2
334.6
335.4
468.4
543.5

sh298/328
238/290/328
334/298/326
240/292/320
256/350
Sh232/264

109
109.3
197.0
424.7
108.0
244.4
179.1
245.2
179.1
179.1
332.1
301.1

85.8
182.0
406.7
119.0
204.2
161.1
205.0
155.2
135.2
289.1
241.1

167.0
288.5 244.3
136.0
178.1 125.1
135.2
123.2 179.0
135.2
384.0 423.0

262.8 152.3 218.4 111.3
301.1 179.1 151.1 195.0 273.0

Compounds identified by HPLC-ESI-UV/MS/MS (IT) analysis. Detected compounds were tentatively identified by published literature and
confirmed by UPLC-QTOF MS/MS analysis.
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Figure 15: Chromatogram of date seed bread from HPLC-ESI-UV/MS/MS (IT) analysis.
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3.1.1 Hydroxybenzoic acids
The primary hydroxybenzoic acids were protocatechuic acid (peak 4 in DSP
and DSB, peak 5 in DSE), syringic acid hexoside (peak 5 in DSP and DSB, peak 6 in
DSE) and p-hydroxybenzoic acid (peak 8 in DSP, peak 10 in DSE and peak 7 in DSB).
The presence of protocatechuic acid in date seed was identified by its m/z 153 and
fragment ion 109 [10, 81]. A hexoside derivative of protocatechuic acid was tentatively
identified in DSE (peak 4) with m/z of 315.3 and fragments ions of 153.1 which
corresponds to protocatechuic acid. Additional UPLC-QTOF analysis confirmed the
chemical formula of the molecule as C13H16O9. The presence of p-hydroxybenzoic
acid was confirmed with m/z of 137 in all forms of date seed samples tested. It was not
reported in the previous study with Khalas variety date seed [81]. A recent study by
Khallouki et al. reported the presence of p-hydroxybenzoic acid in Medjool date fruits
[123]. Syringic acid hexoside was tentatively identified in by its m/z 359.1 and
fragment ions of 197, 182 and 153.
3.1.2 Hydroxycinnamic acids
Three isomers of caffeoylshikimic acid were identified in DSP, DSE and DSB
with m/z 335.1 and fragment ions 178.5, 124.6, 154.6 and 290.7. The identity of the
compound was confirmed from published literature [11]. Peak 11 in DSE was
proposed as a caffeic acid-related compound. The m/z of the compound was 401 with
mass fragments 239, 179, 362 and 137. m/z 179 corresponds to caffeic acid. Caffeic
acid hexoside was also detected in DSE (peak 13) and was confirmed by m/z of 341
and its fragments ions 179, 135, which was reported earlier [123]. Peak 16 in DSE was
proposed as 1-0-sinapoyl-β-D-glucose [124]. Two isomers N1, N4-dicaffeoyl
spermidine and N1, N8-dicaffeoyl spermidine were detected in DSP and DSE with
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[M-H]- at m/z 468.4 and fragment ions at 332.1, 289.1, 384 and 423. Only N1, N8dicaffeoyl spermidine was present in DSB. The presence of dicaffeoyl spermidine was
not reported earlier in date seeds, and this study gives the first report of these
compounds in date seeds. The compounds were confirmed by reported literature [125]
and UPLC-ESI-QTOF MS/MS analysis.
3.1.3 Flavanols
The predominant flavan-3-ols and proanthocyanidins were catechin,
epicatechin, and procyanidins B type dimer and trimer. DSP registered four
procyanidin B type dimers (peak 6, 10, 11 and 19) with m/z 577.2 and two trimer
isomers (peak 7 and 16) with m/z 865.5 [11]. Two procyanidin dimers in DSE (peak 8
and 15) and one in DSB (peak 6) with m/z 577 were detected. Both DSE and DSB did
not register trimer molecules in the chromatogram. The free polyphenolic fraction
present in the DSE may not contain more polymeric procyanidins. On the other hand,
the interaction of polyphenols with food matrix components could be attributed to the
absence of trimers in DSB. Interaction of polyphenols with carbohydrates such as
dietary fibres and proteins are well documented [126]. Such interactions can render
them inaccessible during extraction. Catechin eluted at Rt 14.3 and was detected in all
three samples, peak 9 in DSP, peak 14 in DSE and peak 8 in DSB [10]. Epicatechin
with Rt 18.2 was detected in all three samples, peak 13 in DSP, peak 18 in DSE and
peak 10 in DSB.
3.1.4 Flavonols
The flavonol compounds identified in DSE and DSP include quercetin,
quercetin hexoside, quercetin hexoside sulphate and kaempferol hexoside (peak 28,
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20, 22, 21 in DSP and peak 32, 23, 26 and 25 in DSE respectively). Additionally, peak
23 in DSP was proposed as quercetin hexoside related compound, with an Rt of 27.1
and m/z of 589.2 gave fragment ions 300.8, 436, 462.9 and 593. The fragment 300.8
corresponds to quercetin and 462.9 corresponds to quercetin hexoside, and hence it
could be a derivative of quercetin hexoside. The compounds were confirmed with
published literature [123].
3.1.5 Flavones
The presence of three flavones in DSP and DSE were confirmed. Diosmetin7-O-rutinoside eluted at Rt 28 minutes with the m/z of 607 and fragment ions of 283.6,
298.7, 604 and 538.5 (peak 24 in DSP and peak 27 in DSE). The second flavone
identified in both DSP and DSE was 7-O-hexosyl diosmetin which eluted at 28.7
minutes with m/z 461.2 and fragment ion 298.8, 445.9, 391.6, 383.6 (peak 25 in DSP
and peak 28 in DSE). Diosmetin hexoside sulphate was present in both DSP and DSE
with m/z of 541.4 giving fragment ions 299.1, 241, 284.1 (peak 26 in DSP and peak
30 in DSE). Additionally, another flavone in DSE was identified, which was absent in
DSP. The compound eluted at 29.3 minutes with m/z 423 giving fragment ions 299,
271, 243 and 379. It can be assumed that the compound is a diosmetin related
molecule. All flavones were identified or proposed based on published literature [127]
and additional UPLC-ESI-QTOF MS/MS analysis of the samples.
3.1.6 Other compounds detected
Peak 1 in DSP, DSE, and DSB was identified as chelidonic acid with m/z 185
[123]. Chelidonic acid is a secondary metabolite reported in many alkaloid-containing
plants. The presence of this compound in the date fruit was reported earlier by
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Khallouki et al., (2018) [123]. Pyrogallol, previously reported polyphenol in foods
such as coffee and cocoa, was identified in DSP and DSB as peak 3 with an m/z of 127
[128]. Pyrogallol is reported to have potent anti-inflammatory properties from in vitro
studies [129]. The compound, however, was absent in the extract. It is suspected that
pyrogallol is a part of the bound polyphenolic fraction, which explains its absence in
DSE. The present study provides the first report of pyrogallol in date seed. 3,4dihydroxyphenyl acetic acid was also tentatively identified in DSE (peak 3) with an
m/z of 167.2 and fragment ion of 123.2. Peak 24 in DSE which eluted at Rt 24.7
minutes with m/z 461 agrees with an abscisic acid hexoside and fragments at 263
(abscisic acid) and the characteristic abscisic acid fragment at 153. The compound was
confirmed by UPLC-ESI-QTOF analysis with M-H 425.1825 and formula C21H30O9
coincident with abscisic acid hexoside with a score of 98.43%.
3.1.7 Quantification of polyphenols in DSP, DSE and DSB
The concentration of individual polyphenols identified in DSP, DSE and DSB
were quantified from their UV peak areas in the chromatogram. The total
concentrations of individual polyphenols were categorised into polyphenolic groups,
hydroxycinnamic acids, hydroxybenzoic acids, flavan-3-ols and flavones and
flavonols. Hydroxycinnamic acid was quantified as caffeic acid equivalents,
hydroxybenzoic acids were quantified as protocatechuic acid equivalents, flavan-3-ols
as catechin equivalents and flavones and flavonols groups were quantified as quercetin
equivalents.
Overall, the principal polyphenols in all three forms were flavan-3-ols which
was significantly higher in DSP, DSE and DSB compared to other polyphenol groups
(Figure 16). The total polyphenol content in DSP was 2.22±0.1 g/kg before
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depolymerisation which breaks down to 0.23±0.019 g/kg hydroxycinnamic acids,
0.19±0.02 g/kg phenolic acids, 1.64±0.01 g/kg flavan-3-ols, and 0.16±0.015 g/kg
flavones and flavonols. Flavan-3-ol content in DSP was significantly higher than the
content in DSB. The polyphenol concentration in DSE as expected was higher and
measured 14.12±0.36 g/kg total which breaks down to 2.61±0.103 g/kg
hydroxycinnamic acid, 4.33±0.115 g/kg phenolic acids, 5.33±0.203 g/kg flavan-3-ols
and 1.86±0.118 g/kg flavones and flavonols. The most significant group of
polyphenols as stated earlier, was flavan-3-ol, followed by both phenolic acid groups
hydroxycinnamic acids and hydroxybenzoic acids, all of which were significantly
elevated in the DSE in comparison to DSB and DSP. The total polyphenolic content
in DSB was significantly reduced to 0.15±0.02 g/kg. The total hydroxycinnamic acid
was 0.02±0.003 g/kg, phenolic acid was 0.03±0.001 g/kg, flavones and flavonols was
0.02±0.002 g/kg, and flavan-3-ols was 0.08±0.002 g/kg in DSB. Similar to DSP and
DSE, flavan-3-ols were more significant groups of polyphenols observed.
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Figure 16: Polyphenol quantification and distribution in DSP, DSE, and DSB. Data
presented as mean g/kg ± standard deviation. DSP-date seed powder, DSE- date seed
extract, DSB- date seed bread. Three replicates used for the experiment. ANOVA with
multiple comparisons performed, and statistical significance set at p≤0.05. asignificant compared to flavones and flavonols, hydroxybenzoic acid and
hydroxycinnamic acids in DSP, DSE and DSB, b-significant compared to flavones and
flavonols and hydroxycinnamic acids in DSE, c-significant compared to DSP and
DSB, d-significant compared to DSB.
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Results of phloroglucinolysis analysis are provided in Table 5. After
depolymerisation of the polymeric fraction of the bound polyphenols, the total amount
of flavan-3-ols increased to 47.91±0.13 g/kg in DSP, 33.03±0.41 g/kg in DSE and
1.41±0.02 g/kg in DSB. The catechin levels were 3.69±0.06 g/kg, 2.73±0.04 g/kg and
0.14±0.01 g/kg in DSP, DSE, and DSB respectively. The epicatechin levels were
44.22±0.06 g/kg in DSP, 30.29±0.37g/kg in DSE and 1.27±0.01g/kg in DSB. The
levels of catechin, epicatechin, epicatechin adducts and total catechin was significantly
higher in DSP in comparison to DSE and DSB. The mean degree of polymerisation
(DP) in all three forms of date seed tested was high with values of 11.23 in DSP, 8.11
in DSE and 10.15 in DSB. The degree of polymerisation was calculated after
quantifying the monomers and adducts in the samples following phloroglucinolysis by
adding the total monomers and total adducts and dividing it by the total monomers in
the samples [113].
Table 5: Quantification of flavan-3-ols following phloroglucinolysis.
Catechin
Epicatechin
Epicatechin adduct
Total epicatechin
Total Flavan-3-ols
Mean DP

DSP
3.69±0.06*
1.09±0.01
43.13±0.70*
44.22±0.06*
47.91±0.13*
11.23

DSE
2.73±0.04
1.34±0.04
28.96±0.37
30.29±0.37
33.03±0.14
10.15

DSB
0.14±0.01
ND
1.27±0.09
1.27±0.09
1.41±0.02
8.11

Data presented as mean g/kg ± standard deviation. DSP-date seed powder, DSE- date
seed extract, DSB- date seed bread, ND- not detected, DP- degree of polymerisation.
Three replicates used for the experiment. ANOVA with multiple comparisons was
performed, and statistical significance set at p≤0.05. * Significant difference
compared to DSE and DSB.
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3.2 In vitro Bioaccessibility of Date Seed Polyphenols
The bioaccessibility of date seed polyphenols was studied by performing in
vitro digestion of DSP, DSB and DSE coupled with polyphenol transport assessment
using a Caco-2 cell culture model for transport. In the first part of the study, the release
of polyphenols from the food matrix was assessed by investigating the changes in the
total polyphenol content in the samples against undigested samples. The study also
looked at the difference in the antioxidant capacity of the samples at the two stages of
digestion, gastric and intestinal, due to the influence of the gastrointestinal milieu.
Moreover, specific polyphenols recovered and transported across the monolayer of
cells after digestion were investigated by mass spectrometry.
3.2.1 Total polyphenol content after in vitro digestion
The total polyphenol content of DSP, DSE and DSB were tested as undigested
food material, after the gastric phase and intestinal phase of in vitro digestion. The
intestinal phase represents the completely digested sample in the study. The results of
the experiment are provided in Figure 17. In the case of DSB, there is a marked
increase in the polyphenol content with the progress of digestion. The polyphenol
content in the sample significantly increased after the gastric phase and the intestinal
phase of digestion. Similarly, in DSP, there is a significant increase in the content of
polyphenol content following the gastric phase of digestion; however, the level was
significantly reduced in comparison to the gastric phase when the intestinal digestion
was completed. But the levels were similar to the undigested powder. The
polyphenolic content after gastric and intestinal digestion in DSE lowered when the
food material completed intestinal digestion; however, the difference gastric and
intestinal stage was not significant in the extract.
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Figure 17: Total polyphenol content in digested dates seed products. Data presented as
mean±s.d. ANOVA with multiple comparisons was performed, and statistical
significance set at p≤0.05. * Significant compared to undigested date seed products, #
significant difference between gastric phase and intestinal phase. DSB- date seed
bread, DSE- date seed extract, DSP- date seed powder.
3.2.2 Antioxidant capacity of digested date seed products
The antioxidant capacity of DSP, DSE and DSB were tested during the various
stages of in vitro digestion in order to assess any possible change in the bioactivity due
to the digestion process. DPPH radical scavenging assay (Figure 18) indicates a
significant increase in the trolox equivalent antioxidant capacity after gastric and
intestinal digestion of DSB. In this assay, no changes were observed in the antioxidant
capacity of DSE and DSP levels were maintained similar to undigested extract and
powder.
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Figure 18: DPPH scavenging assay in digested date seed products. Data presented as
mean±s.d. ANOVA with multiple comparisons was performed, and statistical
significance set at p≤0.05. * Significant compared to undigested date seed products.
DSB- date seed bread, DSE- date seed extract, DSP- date seed powder

However, the results from the FRAP assay were surprisingly different (Figure
19). No variations were observed in DSB samples during digestion while there was a
successive decrease in the antioxidant power as the digestion progressed from gastric
to intestinal phase in DSP and DSE. The antioxidant powder after intestinal digestion
was significantly lower compared to both undigested food materials and the samples
from the gastric phase in case of both powder and extract.
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Figure 19: FRAP assay in digested date seed products. Data presented as mean±s.d.
ANOVA with multiple comparisons was performed, and statistical significance set at
p≤0.05. * Significant compared to undigested date seed products, # significant
difference between gastric phase and intestinal phase. DSB- date seed bread, DSEdate seed extract, DSP- date seed powder
In the TEAC assay using ABTS reagent, the results are similar to DPPH assay
in the case of DSB (Figure 20). The antioxidant capacity of DSB was improved
significantly during both stages of in vitro digestion, and no significant difference was
observed between the antioxidant powder after the gastric and intestinal phases of
digestion. In case of DSP and DSB, although similar levels were maintained from
undigested samples to samples after in vitro digestion.
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Figure 20: TEAC assay in digested date seed samples. Data presented as mean±s.d.
ANOVA with multiple comparisons was performed, and statistical significance set at
p≤0.05. * Significant compared to undigested date seed products. DSB- date seed
bread, DSE- date seed extract, DSP- date seed powder.
3.2.3 Recovery of polyphenols after in vitro digestion of date seed samples
Only six polyphenols were detected, after gastric and intestinal digestion, in
DSP and DSE with HPLC-ESI-UV/MS/MS (IT) analysis: protocatechuic acid, vanillic
acid, procyanidin B2, and three isomers of caffeoylshikimic acid. Protocatechuic acid,
caffeoylshikimic acid isomer 1 and 2 were the only compounds found in digested DSB
samples. The percentage recovery of the compounds at the intestinal and gastric phase
of in vitro digestion was calculated by comparing their peak area registered at 280 nm
with the diode array detection system with the corresponding peak area in undigested
samples (Figure 21). The results indicate significant recovery of polyphenols from
DSP and DSE with vanillic acid recording 91% recovery in DSP and 89% in DSE. No
catechin or epicatechin monomers in the date seed samples from either phase of
digestion were detected. The percentage recovery of procyanidin B2 and the three
isomers of caffeoylshikimic acid increases significantly as the digestion progresses
from gastric phase to the intestinal phase in DSP and DSE. In the case of
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protocatechuic acid, the increase is modicum and not significant. In DSB, only
protocatechuic acid and two isomers of caffeoylshikimic acid could be identified in
the gastric phase. The recovery of the polyphenols identified was reduced in the
intestinal phase with significantly lower levels of protocatechuic acid, and little or no
concentrations of caffeoylshikimic acid was observed.
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Figure 21: Recovery of polyphenols from DSP, DSE, and DSB during gastric and
intestinal phase of in vitro digestion. Data presented as mean percentage recovery ±
standard deviation. Percentage data calculated from the peak area of polyphenols in
undigested date seed samples against corresponding peak area in samples from the
gastric and intestinal phase. ANOVA with multiple comparisons performed and
statistical significance set at p≤0.05. * Significant difference between percentage
recovery of polyphenols in gastric and intestinal phases of in vitro digestion. DSPdate seed powder, DSE- date seed extract, DSB- date seed bread.
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3.2.4 Transport of polyphenols from digested DSP, DSE and DSB
The ability of digested and non-digested polyphenolic compounds to be
absorbed is another factor influencing the potential biological activity in human. The
absorption of digested polyphenols can be studied using an in vitro model of
absorption, with Caco-2 cell monolayer. The culture of Caco-2 cells was maintained
up to 21 days with regular media change for the establishment of the monolayer. Once
the TEER values of the culture (Figure 22) corresponded to readings of a monolayer,
the experiment was conducted on the following days.

Figure 22: Trans-epithelial electrical resistance of Caco-2 Cells. Data presented as
mean±s.d.

Table 6 lists the various compounds detected by UPLC-ESI-QTOF (MS/MS)
analysis. The presence of seven polyphenolic compounds in the basolateral chamber
of digested DSP and DSE treated culture model was confirmed. They were phydroxybenzoic acid, protocatechuic acid, p-coumaric acid, two isomers of
caffeoylshikimic acid, syringic acid hexoside and diosmin. Only p-hydroxybenzoic
acid and protocatechuic acid were detected in digested DSB treated culture. The
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absorption of the compounds was calculated as a percentage of the peak area of the
compounds in the basolateral chamber against the total introduced to the apical layer
(Figure 23). The results indicate the transport of phenolic acids from the digested
samples of DSP, DSE and DSB. In DSP, there is significant transport of the two
isomers of caffeoylshikimic acids followed by syringic acid hexoside. Other
compounds showing acceptable levels of transport across the monolayer are
protocatechuic acid, p-hydroxybenzoic acid and p-coumaric acid. Similarly, in DSE,
the two most predominant polyphenols transported across the monolayer are the two
isomers of caffeoylshikimic acid. The levels of these two compounds were
significantly elevated in the basolateral chamber in comparison to other polyphenols
that were identified. The data indicated the presence of only two polyphenols in case
of DSB, which were transport across the monolayer at a similar rate.
Table 6: Compounds detected in Caco-2 culture media from apical and basolateral
chambers
Formula

M-H

Rt(min)

Score

Error

p-Hydroxybenzoic acid

C7H6O3

137.0244

4.324

96.99±0.82

1.27±0.92

Protocatechuic acid

C7H6O4

153.0193

3.364

98.18±1.08

1.40±0.57

p-Coumaric acid

C9H8O3

163.0401

6.607

94.15±1.35

1.40±0.94

Caffeoylshikimic acid 1

C16H16O8

335.0772

5.239

94.98±2.50

1.38±1.06

Caffeoylshikimic acid 2

C16H16O8

335.0772

5.533

92.66±3.58

1.25±0.85

Syringic acid hexoside

C15H20O10

359.0984

3.127

90.50±4.91

2.14±1.48

Diosmin

C28H32O15

607.1668

8.844

95.94±2.10

1.59±1.02

Compounds were detected by UPLC-ESI-QTOF (MS/MS) analysis following
incubation with digested date seed powder, extract and bread samples for 4 hours.
Score and error presented as mean ± standard deviation.
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Figure 23: Transport of polyphenols from digested DSP, DSE and DSE through Caco2 monolayer. Data presented as mean percentage ± standard deviation. Percentage
transport calculated using peak area of polyphenol in the apical layer against the peak
area detected in the basolateral layer. DSP- date seed powder, DSE- date seed extract,
DSB- date seed bread. ANOVA with multiple comparisons performed, and statistical
significance set at p≤0.05. a-significant compared to all polyphenols except
caffeoylshikimic 1 in DSP, b-significant compared to all polyphenols except
caffeoylshikimic 2 in DSP, c-significant compared to p-coumaric acid, protocatechuic
acid, p-hydroxybenzoic acid and diosmin in DSP, e-significant compared to all
polyphenols in DSE, f-significant difference between caffeoylshikimic 1 and 2 in DSE.
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3.3 In vivo Bioavailability of Date Seed Polyphenol Metabolites
Sixteen subjects, eight women and eight men were initially included in the
study. One subject decided to drop-out after the two first experiments and was
immediately replaced by another subject from the same gender. After blood samples
analysis, abnormally high levels of fasting glucose and dyslipidemia were detected in
two subjects. Even though fasting status was orally checked by the research team and
the nurse, before baseline blood collection, it cannot be excluded that subjects were
not fasting. Consequently, they were excluded from the analysis. Additionally, they
were advised to visit their regular physician to follow-up with their glucose level and
lipid profile. Finally, 14 subjects, eight women and six men were included in the
statistical analysis. They were aged 25.43±5.11 years, on average and were all having
healthy weight status. Their average consumption of polyphenols was 3.02±1.93 g/d
(Table 7).
Table 7: Characteristics of the study participants

Age (y)
Height (cm)
Weight (kg)
BMI (kg/m2)
Polyphenols consumption (g/d)

Total (n=14)

Female (n=8)

Male (n=6)

25.43±5.11
163.21±10.44
59.43±6.97
22.32±1.79
3.09±1.93

26.75±4.50
156.14±5.63
54.81±4.02
22.51±1.58
3.58±2.35

23.67±5.75
172.65±7.20*
65.58±4.92*
22.07±2.16
2.27±0.89

Means±s.d. are presented. *ANOVA was used to assess gender differences. Statistical
significance set at p≤0.05
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3.3.1 Biochemical Assessment
Before consumption of any date seeds products, at DSP1 baseline, all subjects
were having normal fasting glucose and lipid profile. Only the HDL-cholesterol level
was below the NCEP recommended level, for both genders (Table 8). Twenty-four
hours after ingestion of DSP and DSB, these parameters did not significantly change.
With DSE1, an increase of glucose, total cholesterol and LDL-cholesterol levels were
observed. However, the values at 24 hours remain within the normal range, and no
similar change was detected with a higher dose of the date seeds extract (DSE2).
Globally, biomarkers of tissue injury and inflammation were kept within normal
ranges, in all of the treatments (Tables 9 & 10). Constant changes were detected, but
parameters never reached abnormal values.

Table 8: Biochemical parameters, for each treatment, at baseline and 24 h after treatment ingestion in the 14 participants

DSP1
DSP2
DSB1
DSB2
DSE1
DSE2

Glucose
(mg/dl)

Total
Cholesterol
(mg/dl)

LDLCholesterol
(mg/dl)

HDLTriglycerides
Cholesterol
(mg/dl)
(mg/dl)

Baseline

91.07±6.68

171.70±25.46

107.66±24.19

45.16±10.16

72.49±21.70

24 hour

93.99±7.01

169.77±25.04

104.55±24.92

46.56±9.61

78.27±30.76

Baseline

86.32±12.98

169.58±21.79

98.83±25.93

46.71±16.74

71.50±25.72

24 hour

91.01±7.31

168.94±21.09

98.91±21.00

48.12±13.70

76.04±17.62

Baseline

87.67±8.81

160.74±27.68

97.07±22.96

48.15±17.35

71.95±23.81

24 hour

88.84±9.64

162.61±29.94

92.99±23.84

45.98±15.76

71.20±15.08

Baseline

85.13±9.85

165.47±24.49

99.18±23.44

47.07±15.36

75.91±22.74

24 hour

88.26±11.38

169.26±31.13

97.12±25.40

46.39±13.42

78.45±19.06

Baseline

84.78±8.46

158.45±27.20

92.54±24.56

45.60±15.92

80.94±37.63

24 hour

89.56±5.41* 168.28±29.16* 100.16±25.99* 47.47±14.41

79.99±28.65

Baseline

84.74±6.45

164.69±20.28

88.17±24.96

46.61±19.31

65.19±19.62

24 hour

83.70±13.05

166.85±23.81

91.25±24.54

43.97±16.25

84.37±39.80

Data of 14 participants presented as mean±s.d. *Paired t-test was used to compare values at baseline and 24 hours. Statistical significance set at
p≤0.05
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Table 9: Biomarkers of tissue function and injury for date seed treatments at baseline
and 24 hours
Creatinine
(µmol/l)

Albumin
(g/dl)

Urea
(mmol/l)

Creatine
Kinase
(U/dl)

Baseline

61.70±13.54

4.67±0.24

4.22±1.13

94.70±47.47

24 hour

62.30±12.70

4.64±0.29

3.91±0.80

82.08±35.26*

Baseline

56.90±17.55

4.31±0.67

4.06±1.27

83.69±44.95

24 hour

60.93±13.61

4.64±0.36

4.1186±1.10

77.19±27.98

Baseline

57.99±16.71

4.50±0.76

3.91±1.06

83.87±42.99

24 hour

59.31±15.53

4.31±0.66

3.74±0.95

74.85±30.25

Baseline

58.55±16.69

4.40±0.60

3.82±1.03

87.82±47.43

24 hour

60.25±16.88

4.38±0.72

3.75±0.83

79.81±33.55

Baseline

60.84±15.33

4.31±0.62

3.83±1.24

82.75±29.33

24 hour

60.56±14.71 4.66±0.39*

3.64±0.86

79.64±27.69

Baseline

51.57±16.15

4.20±0.61

3.47±1.31

77.84±39.22

24 hour

56.91±17.40

4.42±0.57

3.76±1.02

69.80±27.41

DSP1

DSP2

DSB1

DSB2

DSE1

DSE2

Data of 14 participants presented as means±s.d. *Paired t-test was used to compare
values at baseline and 24 hours. Statistical significance set at p≤0.05.
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Table 10: Liver enzymes in serum after ingestion of date seed treatments at baseline
and 24 hours
LDH (U/l)

GGT (U/l)

AST (U/l)

ALT (U/l)

ALP (U/l)

DSP1
Baseline 165.27±56.72 14.26±6.86

18.05±4.05 14.72±7.12 57.01±14.01

24 hour

136.77±14.11 14.03±6.84

16.57±3.59 14.93±8.81 59.23±12.35

Baseline 126.00±32.23 12.93±7.76

15.85±2.46 13.83±6.08 55.71±16.25

DSP2

24 hour

115.78±24.65 15.04±8.54* 16.25±3.26 14.26±6.05 62.68±16.31*

DSB1
Baseline 120.10±17.04 13.93±11.64 15.82±3.50 13.06±5.13 57.71±19.43
24 hour

95.77±33.12* 14.00±10.68 14.64±2.70 12.01±4.90 57.32±15.74

DSB2
Baseline 124.77±27.93 13.35±8.11

15.64±4.30 12.61±6.85 57.42±16.82

24 hour

98.17±23.88* 14.13±9.26

15.13±4.83 12.72±8.17 57.78±16.12

Baseline 125.04±79.58 12.74±8.37

15.94±6.16 11.89±7.02 54.79±16.10

24 hour

106.56±25.37 14.01±7.76

15.18±2.94 11.89±6.26 56.89±12.55

Baseline 110.04±35.85 11.33±6.26

13.71±3.53 11.23±5.30 48.96±17.24

DSE1

DSE2

24 hour

107.91±35.63 13.63±10.47 13.09±3.60 12.01±6.75 56.99±15.75

Data of 14 participants presented as means±s.d. *Paired t-test was used to compare
values at baseline and 24 hours. Statistical significance set at p≤0.05. LDH- Lactate
dehydrogenase,
GGTGamma-glutamyl
transferase,
ASTAspartate
aminotransferase, ALT- Alanine transaminase and ALP- Alkaline phosphatase
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3.3.2 Metabolites of date seed polyphenols in urine
Twenty predominant metabolites were detected in the urine samples following
ingestion of all date seed treatments. Extracted Ion Chromatogram was retrieved for
over 53 known metabolites of flavan-3-ols and 20 were identified by a mean score of
90 or above. The compounds were confirmed by their formula, (M-H)-, and MS
spectrum (Table 11). The predominant metabolites include two isomers of
hydroxybenzoic acid, two isomers of protocatechuic acid, two isomers of vanillic acid,
vanillic acid sulphate, ferulic acid sulphate and methyl epicatechin sulphate. Prevalent
metabolites of proanthocyanidins such as 3,4-dihydroxyphenyl valerolactone and its
glucuronide and sulphate were also detected in the urine sample. Significant level
aromatic acids such as 3-hydroxyphenyl acetic acid, 3-hydroxyphenyl propanoic acid,
3-hydroxyphenyl valeric acid, 3,4-hydroxyphenyl valeric acid and its sulphate were
also detected in urine. Other metabolites include hippuric acid and two isomers of
hydroxy-hippuric acid.
The data indicate significant increase in the level of aromatic acids such as
hydroxybenzoic acid, protocatechuic acid, vanillic acid and vanillic acid sulphate was
observed in the first three hours in urine. Hydroxybenzoic acid was detected in urine
after consumption of all six date seed treatments (Figure 24). A significant increase in
hydroxybenzoic acid levels after three hours of ingestion was observed. The release of
this metabolite was sustained up to 24 hours in all subjects. Interestingly, with
ingestion of the DSP2 and DSE2, the level of hydroxybenzoic acid peaked between 38 hours. Predictably, with the higher dose of powder and extract (DSP2 and DSE2), a
significant increase in hydroxybenzoic acid levels was observed at 3-8 hours. Similar
observation was made with bread, supplementation of DSP2 gave higher levels of
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hydroxybenzoic acid at 0-3 hours indicative of the absorption of native phenolic acids
in the sample. Consumption of date seed products also resulted in the release of
protocatechuic acid in the urine (Figure 24). Similar to hydroxybenzoic acid, increased
levels of protocatechuic acid up to 8 hours after ingestion of the treatments was
detected, which was sustained up to 24 hours. Interestingly, more protocatechuic acid
was observed with DSP1 at 3-8 hours than 8-24 hours, but it was sustained since, at
24 hours, the level of protocatechuic acid was increased with DSP2. A significantly
higher level of protocatechuic acid was observed with DSE2 when it peaked between
3-8 hours. Urinary excretion of vanillic acid also observed constant changes (Figure
25). Vanillic acid levels peaked between 8-24 hours with date seed powder treatments;
however, no change between 3-8 hour and 8-24 hours was observed with extract and
powder. The only significant difference between dose was observed with powder
ingestion at 3-8 hours, where DSP2 recorded higher levels of protocatechuic acid.
Vanillic acid sulphate levels increased similar to vanillic acid (Figure 25). The
predominant metabolites of proanthocyanidins such as methyl-epicatechin sulphate
and valerolactone compounds were found the urine samples from all subjects. There
was the sustained release of methyl-epicatechin sulphate by the subjects following
ingestion of date seed treatments between 3- 24 hours (Figure 26). There was no
difference in the doses in bread and powder, but DSE1 gave higher levels of the
metabolite between 8-24 hours. A similar trend in urinary excretion was maintained
for all valerolactone compounds, which includes 3,4-dihydroxyphenyl valerolactone
(Figure 26), 3,4-dihydroxyphenyl valerolactone glucuronide (Figure 27) and 3,4dihydroxyphenyl

valerolactone

sulphate

(Figure

27).

3,4-dihydroxyphenyl-

valerolactone and its glucuronide was significantly increased between 8-24 hours with
consumption of DSP2. No such differences were observed with the bread and powder
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treatments for this metabolite. In the case of 3,4-dihydroxyphenyl-valerolactone
sulphate, between 3-8 hours, higher levels were observed in DSP2 and DSB1. All three
hydroxyphenyl acids, 3-hydroxyphenyl acetic acid (Figure 28), 3-hydroxyphenyl
propionic acid (Figure 28), 3-hydroxyphenyl valeric acid (Figure 29), released in the
gut were predictably increased from 3 hours to 24 hours in urine following
consumption of date seed treatments. Dose differences were observed with DSP2 in
urinary excretion of 3-hydroxyphenyl-acetic acid and valeric acid. A similar dose
difference was observed in 3-hydroxyphenyl-acetic acid with DSE2 giving higher
levels of the metabolite. Similarly, ferulic acid sulphate was also increasing with time
(Figure 29). Ferulic acid sulphate levels were increased with higher doses of extract
and bread in the study. Other aromatic acids such as 3,4-dihydroxyphenyl-valeric acid
(Figure 30), 3,4-dihydroxyphenyl valeric acid sulphate (Figure 30), hippuric acid
(Figure 31) and hydroxyhippuric acid (Figure 31) also observed constant changes with
time. Most of these compounds originating in the colon through the action of gut
microbes increased in levels predictably between 3-8 hours and was sustained up to 24
hours. No significant difference was observed between 3-8 hour and 8-24 hours or
between doses at these time intervals in the excretion of hippuric acid and
hydroxyhippuric acid. However, in the case of 3,4-dihydroxyphenyl-valerolactone
sulphate, dose level differences could be observed with ingestion of DSP2, DSB2 and
DSE2 giving higher levels of the metabolite.

Table 11: Metabolites of date seed polyphenols identified in the urine by UPLC-QTOF-MS/MS analysis.
Formula

M-H
Exact

Rt
(min)

Hydroxybenzoic acid 1

C7H6O3

137.0244

3.090

99.49±0.05 1.43±2.45

Hydroxybenzoic acid 2

C7H6O3

137.0244

4.464

97.58±0.84 2.86±0.10

Protocatechuic acid 1

C7H6O4

153.0193

4.640

96.98±1.06 3.73±3.83

Protocatechuic acid 2

C7H6O5

153.0193

5.352

95.31±2.06 1.64±2.64

Vanillic acid 1

C8H8O4

167.035

3.300

95.39±3.67 1.66±3.93

Vanillic acid 2

C8H8O4

167.035

4.735

93.64±3.29 0.23±3.31

Vanillic acid sulphate

C8H8O7S

246.9918

3.368

93.26±2.10 2.19±1.98

Ferulic acid sulphate

C10H6O7S

273.0074

4.618

93.78±2.44 2.31±2.18

Methyl epicatechin sulphate

C16H6O9S

383.0442

5.623

89.13±3.55 0.01±2.04

3,4-dihydroxyphenyl valerolactone

C11H12O4

207.0663

5.250

97.03±1.76 2.56±0.57

3,4-dihydroxyphenyl valerolactone glucuronide

C17H20O10

383.0984

5.126

97.30±2.47 3.95±2.44

3,4-dihydroxyphenyl valerolactone sulphate

C11H12O7S 287.0231

5.273

96.60±2.40 1.50±0.89

Compound

Score

Error
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Table 11: Metabolites of date seed polyphenols identified in the urine by UPLC-QTOF-MS/MS analysis (Continued)
Formula

M-H
Exact

Rt
(min)

3-hydroxyphenyl acetic acid

C8H8O3

151.0401

6.006

91.47±0.83 2.95±2.55

3-hydroxyphenyl propionic acid

C9H10O3

165.0557

4.968

92.76±0.78 1.89±2.80

3-hydroxyphenyl valeric acid

C11H14O3

193.087

6.979

90.11±0.63 2.65±3.78

3,4-dihydroxyphenyl valeric acid

C11H14O4

209.0819 10.407 95.02±1.11 0.56±3.56

3,4-dihydroxyphenyl valeric acid sulphate

C11H14O7S 289.0387 10.863 92.48±4.85 0.91±0.46

Hippuric acid

C9H9NO3

178.051

4.921

98.47±0.28 1.87±1.86

Hydroxy hippuric acid 1

C9H9NO4

194.0459

3.703

95.91±1.71 0.58±0.76

Hydroxy hippuric acid 2

C9H9NO4

194.0459

4.505

94.49±0.78 3.28±3.77

Compound

Score

Error

86
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Figure 24: Urinary excretion of hydroxybenzoic acid and protocatechuic acid. Data
calculated as the area under curve (AUC) adjusted to total urine output at the respective
time interval. Mean AUC±s.d. presented. ANOVA with multiple comparisons was
performed. Statistical significance set at p≤0.05. a Significant compared to 0hr. b
Significant compared to 0-3hr. c Significant difference between 3-8hr and 8-24hr. d
Significant difference between DSP1 and DSP2. e Significant difference between
DSB1 and DSB2. f Significant difference between DSE1 and DSE2.
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Figure 25: Urinary excretion of vanillic acid and vanillic acid sulphate. Data calculated
as the area under curve (AUC) adjusted to total urine output at the respective time
interval. Mean AUC±s.d. presented. ANOVA with multiple comparisons was
performed. Statistical significance set at p≤0.05. a Significant compared to 0hr. b
Significant compared to 0-3hr. c Significant difference between 3-8hr and 8-24hr. d
Significant difference between DSP1 and DSP2. f Significant difference between
DSE1 and DSE2.
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Figure 26: Urinary excretion of methyl-epicatechin sulphate and 3,4-dihydroxyphenyl
valerolactone. Data calculated as the area under curve (AUC) adjusted to total urine
output at the respective time interval. Mean AUC±s.d. presented. ANOVA with
multiple comparisons was performed. Statistical significance set at p≤0.05. a
Significant compared to 0hr. b Significant compared to 0-3hr. c Significant difference
between 3-8hr and 8-24hr. d Significant difference between DSP1 and DSP2. f
Significant difference between DSE1 and DSE2.
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Figure 27: Urinary excretion of 3,4-dihydroxyphenyl valerolactone glucuronide and
3,4-dihydroxyphenyl valerolactone sulphate. Data calculated as the area under curve
(AUC) adjusted to total urine output at the respective time interval. Mean AUC±s.d.
presented. ANOVA with multiple comparisons was performed. Statistical significance
set at p≤0.05. a Significant compared to 0hr. b Significant compared to 0-3hr. c
Significant difference between 3-8hr and 8-24hr. d Significant difference between
DSP1 and DSP2. e Significant difference between DSB1 and DSB2. f Significant
difference between DSE1 and DSE2.
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Figure 28: Urinary excretion of 3-hydroxyphenyl acetic acid and 3-hydroxyphenyl
propionic acid. Data calculated as the area under curve (AUC) adjusted to total urine
output at the respective time interval. Mean AUC±s.d. presented. ANOVA with
multiple comparisons was performed. Statistical significance set at p≤0.05. a
Significant compared to 0hr. b Significant compared to 0-3hr. c Significant difference
between 3-8hr and 8-24hr. d Significant difference between DSP1 and DSP2. f
Significant difference between DSE1 and DSE2.
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Figure 29: Urinary excretion of 3-hydroxyphenyl valeric acid and ferulic acid sulphate.
Data calculated as the area under curve (AUC) adjusted to total urine output at the
respective time interval. Mean AUC±s.d. presented. ANOVA with multiple
comparisons was performed. Statistical significance set at p≤0.05. a Significant
compared to 0hr. b Significant compared to 0-3hr. c Significant difference between 38hr and 8-24hr. d Significant difference between DSP1 and DSP2. e Significant
difference between DSB1 and DSB2.
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Figure 30: Urinary excretion of 3,4-dihydroxyphenyl valeric acid and 3,4dihydroxyphenyl valeric acid sulphate. Data calculated as the area under curve (AUC)
adjusted to total urine output at the respective time interval. Mean AUC±s.d.presented.
ANOVA with multiple comparisons was performed. Statistical significance set at
p≤0.05. a Significant compared to 0hr. b Significant compared to 0-3hr. c Significant
difference between 3-8hr and 8-24hr. d Significant difference between DSP1 and
DSP2. e Significant difference between DSB1 and DSB2. f Significant difference
between DSE1 and DSE2.
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Figure 31: Urinary excretion of hippuric acid and hydroxyhippuric acid. Data
calculated as the area under curve (AUC) adjusted to total urine output at the respective
time interval. Mean AUC±s.d. presented. ANOVA with multiple comparisons was
performed. Statistical significance set at p≤0.05. a Significant compared to 0hr. b
Significant compared to 0-3hr.
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3.3.3 Biomarkers of oxidative stress
Upon testing the antioxidant status of plasma following date products
consumption, there was a significant increase in the GSH levels, compared to the
baseline at 1 hour after ingestion, in all six treatments (Figure 32). This change in GSH
ranged from 36.44% with DSE1 to 57.11% with DSP1 and was maintained up to 8
hours after ingestion. In parallel, 1 hour after ingestion, the level of protein carbonyl
was significantly reduced compared to baseline, in all six treatments, from 87.50%
with DSE2 to 93.57% with DSE1 (Figure 33). Eight hours after ingestion, the values
were back to the baseline levels of the corresponding treatment. However, for both
GSH and protein carbonyl, the values did not significantly differ between the
treatments, at any time point. Malondialdehyde content was modified with DSP1,
DSP2, DSE1 and DSE2 but not with DSB1 and DSB2 (both date seeds bread) (Figure
34). Briefly, with DSP1 and DSE1, a significant decrease compared to baseline, was
observed at 1 hour after ingestion. This was in a more meaningful manner with DSE1,
since baseline value was significantly higher with DSE1 compared with DSP1.
However, it was only transitory. Values with DSE1 and DSP1 were back to baseline
levels, 2 hours and 8 hours after ingestion, respectively. By contrast, with higher doses
of date seeds powder (DSP1) and extract (DSE2), the significant decrease reported at
1 hour was extended up to 24 hours, with again a more efficient impact of the extract
compared to the powder (Figure 35).
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Figure 32: Glutathione levels at baseline (0 hour), 1, 2, 8 and 24 hours after ingestion
of date seeds treatments. Means±s.d. are presented. ANOVA with repeated measures
was performed. Gender and polyphenols consumption tertiles were added into the
model as a between-subjects factor. Statistical significance set at p≤0.05. a Significant
compared to 0 hour; b significant compared to 1 hour; c significant compared to 2 hours;
d
significant compared to 8 hours; e significant compared to 24 hours.
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Figure 33: Protein carbonyl levels at baseline (0 hour), 1, 2, 8 and 24 hours after
ingestion of date seeds treatments. Means±s.d. are presented. ANOVA with repeated
measures was performed. Gender and polyphenols consumption tertiles were added
into the model as a between-subjects factor. Statistical significance set at p≤0.05. a
Significant compared to 0 hour; b significant compared to 1 hour; c significant
compared to 2 hours; d significant compared to 8 hours; e significant compared to 24
hours.
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Figure 34: Malondialdehyde levels at baseline (0 hour), 1, 2, 8 and 24 hours after
ingestion of date seeds treatments. Means±s.d. are presented. ANOVA with repeated
measures was performed. Gender and polyphenols consumption tertiles were added
into the model as a between-subjects factor. Statistical significance set at p≤0.05. a
Significant compared to 0 hour; b significant compared to 1 hour; c significant
compared to 2 hours; d significant compared to 8 hours; e significant compared to 24
hours.
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Figure 35: Comparisons of malondialdehyde content between the six treatments, at
each time point, in the 14 participants. Means±s.d. are presented. *ANOVA with
repeated measures was performed. Gender and polyphenols consumption tertiles were
added into the model as between subjects’ factors. Statistical significance set at
p≤0.05. a Significant compared to DSP1; b Significant compared to DSP2; c Significant
compared to DSB1; d Significant compared to DSB2; e Significant compared to DSE1;
f
Significant compared to DSE2.
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Chapter 4: Discussion
The prevalence of chronic diseases is increasing worldwide, and recent
scientific and therapeutic progress failed in curbing their spread. The use of natural
antioxidants, polyphenols, as functional ingredients is a possible alternative that could
contribute to protecting the populations against such diseases. Moreover, any source
of polyphenol that is identified as a likely candidate as a functional ingredient for the
food industry requires comprehensive mass spectrometric investigation to define the
polyphenol profile. The bioavailability of the polyphenols will determine their real
health potential in human. Indeed, digestive, absorptive and metabolic processes are
likely to affect the chemical structure of these compounds and consequently, their
biological activity. Therefore, it is not enough to confirm the health properties in vitro
and through in vivo animal models. Investigations of their polyphenol profile along
with in vitro bioaccessibility and transport combined with its bioavailability in vivo in
human, are critical. Date seeds, a local natural resource in the UAE, is an excellent
source of polyphenols [11]. The current study was undertaken in Khalas variety date
seeds to define the polyphenol profile, study the in vitro bioaccessibility and in vivo
bioavailability in humans in three forms DSP, DSE and DSB.
4.1 Date Seed Polyphenol Characterisation
4.1.1 Date seed polyphenol profile
The results from the present study reinforced the claim of date seeds as a
potential polyphenol source. The three date seed products proposed for human use
DSP, DSE and DSB, were characterised by HPLC-ESI-UV/MS/MS (IT) analysis. The
main compounds in all three products of date seeds were hydroxybenzoic acids,
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hydroxycinnamic

acids,

flavanols,

flavonols,

and

flavones.

The

primary

hydroxybenzoic acids were protocatechuic acid, syringic acid hexoside and phydroxybenzoic acid. It is interesting to note that all three date seed products had
significant quantities of protocatechuic acid, which is a rare polyphenol in plants [130].
The result is significant since, it implies that with the consumption of these date seed
products, the body can benefit from the high protocatechuic acid in the parent food
material which is then elevated as protocatechuic acid is also a colonic metabolite of
proanthocyanidins [109]. Protocatechuic acid has significant health benefits, as
reported in several in vitro and in vivo investigations. Studies have suggested that
protocatechuic acid and hydroxybenzoic acid have the ability to alter cellular
signalling by binding to a specific receptor which can enhance the antioxidant
mechanism in the cell [130]. This was clearly demonstrated in an in vitro study, which
reports the insulin-like activity of protocatechuic acid by activation of peroxisome
proliferator-activated receptor-gamma, a nuclear hormone receptor that controls
glucose and lipid metabolism [131]. In another in vivo study, protocatechuic acid
supplementation to diabetic rats increased glucose-6-phosphatase enzyme which is
gluconeogenic [132]. The same study reported a decrease in glucokinase activity in
liver.
DSP, DSB and DSE all contained significant quantities of hydroxycinnamic
acids with caffeoylshikimic acid being the most predominant hydroxycinnamic acid
detected in all three forms. Two isomers N1, N4-dicaffeoyl spermidine and N1, N8dicaffeoyl spermidine in DSP and DSE and N1, N8-dicaffeoyl spermidine was
detected in DSB. The presence of dicaffeoyl spermidine was not reported earlier in
date seeds, and this study gives the first report of these compounds in date seeds.
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Hydroxycinnamic acids are widely recognised as health-promoting polyphenols with
numerous clinical studies pointing to higher consumption of hydroxycinnamic acidrich foods in lowering the odds of depression [133], developing metabolic syndromes
[134], developing cardiovascular disease [134] and even colorectal cancers [135]. The
most dominant group of polyphenols detected in DSP, DSE and DSB, was flavan-3ols which contained catechin, epicatechin, and procyanidins B type dimer and trimer.
Numerous studies reports on the various bioactivities associated with catechins and
epicatechins [69, 136, 137]. Human trials have clearly indicated the effect of flavanolrich diet in reducing oxidative stress and blood pressure and decrease in insulin
resistance [68]. Therefore the results from the current study reinforces the importance
of date seeds as an ideal polyphenol source.
4.1.2 Quantification of date seed polyphenols
After quantification of the polyphenols in DSP, DSB and DSE, the results
indicated that flavan-3-ols was the most predominant polyphenol groups as reported
earlier in previous studies [11]. The total polyphenol content of 2.22±0.1 g/kg was
comparable to 2.19 g/kg reported earlier by Platat et al. (2015) [11]. The levels of
hydroxycinnamic acids and hydroxybenzoic acids detected in DSP was higher than the
quantity reported in grape seeds which are about 0.01 g/kg and 0.15 g/kg, respectively
[138]. Hydroxybenzoic acid content was also significantly higher than the content in
polyphenol-rich cocoa powder [139]. The quantified flavan-3-ol in DSP before
depolymerisation is slightly lower than grapeseed and is directly attributed to the
underestimation of polymeric proanthocyanidins.
The polyphenol content in DSE as expected was higher in DSE in comparison
to DSP, and in the case of DSB, the level was significantly lower in comparison to
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both DSP and DSE. When comparing all three forms that were studied, the polyphenol
content in DSE was understandably higher than DSP and DSB, since it was the
concentrated form of the free polyphenolic fraction. The lowest levels of polyphenols
were recorded in DSB. It is to be noted that the initial amount of date seed powder
added to the bread only accounts for 15% of its weight. Moreover, the decrease in
polyphenolic content in DSB could also be the result of high temperature during the
baking process. The reduction of polyphenols due to high temperature is reported
earlier with polyphenol sources such as grapeseeds and cocoa [140, 141]. The flavan3-ols, which are the most abundant polyphenols in the DSP used to prepare date seed
pita bread, are sensitive to high temperatures, which explains the low polyphenolic
content in DSB in comparison to DSP and DSE. Another factor that can be suspected
is the interaction of polyphenols with proteins and carbohydrates in the food matrix,
which can lead to underestimation of its content.
The total amount of flavan-3-ols increased in DSP, DSE and DSB following
depolymerisation by phloroglucinolysis. In a previous study [11], similar levels of
catechins and epicatechins were obtained in DSP, even though the reported content in
the study were derived from the free polyphenol fraction of DSP only. Based on this
previous work, a higher level of flavan-3-ols was expected in the current study since
both free and bound polyphenolic fractions of DSP are considered, and yet the
observed content was lower. The difference could be related to the distinct
methodologies used to analyse the sample in the two studies. However, the total
flavan-3-ol content surpasses other polyphenol sources such as grape seed, cocoa, red
wine and grapes [142]. DSE also gave a high level of flavan-3-ol content. In DSB,
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level of flavan-3-ol, although low in comparison with DSP still managed to retain
meaningful concentration to support high polyphenol intake through diet.
Globally, in all samples, the DP was high, which highlights the significance of
gut microbial metabolism for the date seed polyphenols. The results confirm earlier
reports on the abundance of polymeric proanthocyanidins and highlight flavan-3-ols
as the significant polyphenolic compounds in the three forms of date seeds studied.
Proanthocyanidins are vital in medical nutrition due to their antioxidant properties and
protective effect against chronic diseases such as cardiovascular disease and cancers.
Interestingly, a high DP of proanthocyanidins was observed, which indicates that these
polymeric polyphenols do not undergo much change during the digestive process and
are minimally absorbed in the small intestine. Hence, these compounds reach the colon
largely unchanged where the gut microbes can metabolise them. The microbial
metabolism leads to the formation of bioactive metabolites that are absorbed by the
colonic tissue [100]. Consequently, the high degree of polymerisation in
proanthocyanidins supports a strong potential for in vivo biological activity for the
three forms of date seeds. An in vitro study of digestion and absorption of date seed
samples describing the overall modifications of polyphenols from date seeds during
the digestive process as well as their intestinal absorption, will characterise their level
of bioaccessibility and ultimately provides further elements in favour of a significant
potential biological activity in the human body.
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4.2 In vitro Bioaccessibility of Date Seed Polyphenols
4.2.1 Effect of digestion on date seed polyphenols
Total polyphenol content after digestion increases in DSB, indicating their
release from the food matrix during the digestive process. During digestion,
macromolecules get favourable pH condition for the hydrolysis and polyphenols that
are bound to it are released [143], [144]. Increased polyphenol content promotes
antioxidant properties also in the digested samples of date seed bread. This can be
ascertained due to the fact that polyphenols are clearly responsible for the antioxidant
activity of the samples; therefore, the increase in the total phenolic content
consequently increases the antioxidant activity [145]. From the results, both DPPH
radical scavenging assay and TEAC assay, the antioxidant power of DSB following
digestion was improved significantly indicating the release of polyphenol from the
food matrix. However, a decrease in the polyphenol content was observed in the case
of DSE which consequently led to differing levels of antioxidant activity between the
three assays in the study. The antioxidant activity as demonstrated from the DPPH
radical scavenging assay remained unchanged in spite of the decrease in total
polyphenol content, while FRAP and TEAC recorded a successive decrease in the
antioxidant activity at the end of intestinal digestion. The results in DSE are not
surprising since it is a crude mixture of polyphenols are being subjected to the digestive
process. Polyphenols are known to undergo irreversible structural changes by autooxidation, isomerisation and conjugation in alkaline pH during intestinal digestion but
some species are more stable than others dependent on the structure [146, 147]. Such
dynamics are expected to change the polyphenolic content and thereby antioxidant
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activity. DSE being a crude mix of the free polyphenolic fraction will be more than
likely be affected by the digestive process.
In DSP, the total polyphenol content increases at gastric stage owing to the
release of polyphenols from the food matrix, but the levels are significantly reduced in
the intestinal phase owing to the effect of the digestive process. A similar observation
was made by Srisena et al. (2018) in their study where subsequent lowering of date
seed polyphenols such as procyanidin B, catechins and epicatechin was observed from
gastric phase to the intestinal phase as the digestion progressed [20]. A solid food
matrix such as DSP has to be disrupted and the polyphenols solubilised into digestive
fluids to be bioaccessible. Most polyphenols are located in the plant cell vacuole and
apoplast where they are usually conjugated to monosaccharides, polysaccharides and
proteins [107]. Once they are released from the cell upon cell wall breakdown due to
processing or metabolism, free polyphenols may form interactive associations with
proteins and dietary fibre in the food matrix [148]. Losses of polyphenols between
gastric and intestinal digestion stages have been observed before; for example, CorreaBetanzo et al. (2014) reported a loss of 44% in wild blueberry [149].
4.2.2 Recovery of polyphenols from digested date seeds
Six polyphenols were detected, after gastric and intestinal digestion, in DSP
and DSE with HPLC-ESI-UV/MS/MS (IT) analysis: protocatechuic acid, vanillic acid,
procyanidin B2, and three isomers of caffeoylshikimic acid. The study did not detect
any catechin or epicatechin monomers in the date seed samples from either phase of
digestion. It is suspected that the levels of monomers may be below detection range or
these compounds could be complexed with proteins or carbohydrates during digestion.
The percentage recovery of compounds increases as the digestion progresses from
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gastric phase to the intestinal phase in DSP and DSE. The increase can be explained
by the low solubility of the polyphenols at low pH. The detected level of polyphenols
has been compared against the compound in the undigested date seeds. At low pH, the
solubility of most polyphenols decreases which improves with the alkaline pH of the
intestinal digestive medium [150].
In the case of DSB, only protocatechuic acid and two isomers of
caffeoylshikimic acid could be identified in the gastric phase. The recovery of the
polyphenols identified was reduced in the intestinal phase with lower levels of
protocatechuic acid, and little or no concentrations of caffeoylshikimic acid was
observed. The concentration of both protocatechuic acid and caffeoylshikimic acid in
DSB was far lower when quantified measuring individually about 0.03 g/kg and 0.01
g/kg, respectively. Consequently, when considering the low concentrations of
polyphenols in the DSB sample, their detection following the intestinal phase of
digestion could be limited. Additionally, their ability to complex with other
components of the food matrix such a dietary fibre can also contribute to their absence
in the sample following complete digestion.
Although DSP, DSE and DSB are rich in proanthocyanidins, no compounds
were detected in any stages except for procyanidin B2 in DSE and DSP.
Proanthocyanidins are present inside the vacuole in plant cells, and they bind to
polysaccharides in the cell wall due to disruption such as mastication or thermal
treatment [151]. Hence, it can be assumed that the significant portion of the
procyanidins during digestion reaches the colon bound to plant cell walls relatively
unchanged for gut microbial metabolism. Besides, procyanidins are also known to
form complexes with proteins and are potent protein precipitating agents [152]. The
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protein binding property of procyanidins is affected by the degree of polymerisation,
whereby an increase in the degree of polymerisation indicates potent protein
precipitating capacity. A study by Zhong et al. (2018) reported the ability of high
polymer procyanidins to reduce even the protease activity in mice [153]. Due to the
presence of procyanidins in date seeds, the possibility of protein-procyanidin complex
formation cannot be ignored. Another possible factor is its ability to interact with
dietary fibres. The interaction of procyanidins with carbohydrates is significant in case
of DSB. While such interactions may render these compounds inaccessible in the
intestine following digestion, this phenomenon can be an advantage in delivering them
unchanged to the colon where vital metabolism occurs for these compounds by the gut
microbes. The formation of these carbohydrates and protein procyanidin complexes
during digestion perhaps explains the failure to detect these compounds in date seed
samples.
4.2.3 Transport of polyphenols from digested date seeds
p-hydroxybenzoic acid, protocatechuic acid, p-coumaric acid, two isomers of
caffeoylshikimic acid, syringic acid hexoside and diosmin were detected in DSP and
DSE. Only p-hydroxybenzoic acid and protocatechuic acid were detected in DSB. The
samples retrieved from Caco-2 transportation studies were complicated due to the
presence of remnant compounds from in vitro digestion and components of the cell
culture medium, making the determination of polyphenols from the mixture
challenging using HPLC-DAD-ESI-MS/MS (IT) analysis. Similar to the data from
polyphenol recovery after digestion, no flavan-3-ols were detected, which again can
be attributed to its protein and polysaccharide binding capacity. The absorption of
procyanidin is, however, limited in the intestine, mainly due to its size and the gut
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barrier. Hence trimers and tetramers have little to no absorption when compared to
dimer such as procyanidin B2. The result is interesting since recent studies report the
presence of procyanidins B2 even in the inner mitochondrial membrane affecting
metabolic processes such as β-oxidation and mitochondrial respiration [154, 155].
With such evidence, it can be inferred that the recovered procyanidin B2 after digestion
is likely absorbed by Caco-2 cells and were not transported across the monolayer. It is
also possible that dimers may have complexed with proteins in the serum present in
the apical cell culture media. All procyanidins, with a degree of polymerisation above
four, reach the colon intact. These compounds undergo extensive catabolism by the
gut microbes and metabolites so released are absorbed in the colon since mammalian
enzymes have not been reported to degrade high molecular weight proanthocyanidins
hitherto [71].
By studying the transport of polyphenols from digested DSP, DSE and DSB,
the work validated the quick absorption of hydroxybenzoic acids, hydroxycinnamic
acids, and flavone diosmin that are present in all three forms of date samples studied.
The findings are significant as polyphenols such as hydroxycinnamic acids have
reported antioxidant, anti-inflammatory, antimicrobial, anti-collagenase and antimelanogenic activity [156]. Protocatechuic acid is reported to exert a full range of
biological

activity that includes

anti-inflammatory, antihyperglycemic and

antiapoptotic activity. Protocatechuic acid is also reported to inhibit chemical
carcinogenesis and exert a proapoptotic and antiproliferative effect in cancer tissues
[130]. p-hydroxybenzoic acid is another phenolic acid with reported antioxidant,
antimicrobial, estrogenic and antimutagenic properties [157]. Both protocatechuic acid
and p-hydroxybenzoic acid are readily transported from all samples of date seed tested
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and can, therefore, be regarded as a suitable biomarker for date seed consumption. The
present study also observed the lack of procyanidin B2, which was recovered after
digestion in the basolateral chamber, indicating its absorption by Caco-2 cells.
Knowing the multiple cellular metabolisms affected by procyanidins such as fatty acid
metabolism and mitochondrial respiration [154, 155], The results are significant as it
identifies the bioaccessibility of polyphenols from date seeds. The transport of these
beneficial polyphenols from the intestine in the initial phase of digestion suggests an
active link to the observed in vivo biological activity observed with date seed
polyphenols.
4.3 In vivo Bioavailability of Date Seed Polyphenols
4.3.1 Date seeds: An ideal polyphenol source
The present study is the first human trial to clearly show that date seeds
powder, bread, and extract can be safely consumed by human. A strengthening effect
of the antioxidant defence system in the human body and protection against protein
and lipids oxidative damages were observed up to 8 and 24 hours after ingestion,
respectively. The kinetics of urine excretion of date seed polyphenols metabolites as
well as the type of metabolites that were detected, support its bioactivity in humans.
In the past, date seeds were traditionally incorporated in a coffee-like beverage and
were consumed without any side effect ever being reported. Also, in two previous
animal studies, the consumption of date seeds, for several weeks, did not alter the
functions of organs including heart, kidney, liver and muscle [12, 13, 90].
Consequently, it is not surprising that no sign of toxicity has been detected in
this present study. This supports a safe consumption by a human of a single dose of
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0.5 g/kg bodyweight of date seeds powder, 360 g of 15% date seeds bread and 60
mg/kg bodyweight of date seeds extract. Besides, the corresponding amounts of date
seeds products (date seeds powder solubilised in water, date seeds bread and date seeds
extract paste), were quite easily consumed by the subject. The total amount of
polyphenols in each dose was much below the average estimated daily intake of
polyphenols of the study sample, which is supporting the fact that doses were all
realistic. Similar to previous animal studies [12, 13, 90], the tested doses were able to
strengthen the oxidative defense system and to protect against oxidative damages on
protein and lipids. Only a few studies have explored the effect of a single dose of
polyphenols, and results remain contradictory. An acute intake of a dose of
grape/pomegranate pomace, containing about 1.8 g of polyphenols, was not able to
clearly improve the oxidative status in adult subjects with abdominal obesity [158]
while in another study, the consumption of 400 ml of a phenolic-rich beverage was
related to reduced oxidative damages on protein and lipids [159].
4.3.2 Date seed polyphenol metabolites in humans
Overall, the kinetics of urine excretion of polyphenolic metabolites is in
agreement with previous results for other polyphenol sources such as cocoa [160] and
red wine [161]. On consuming the six treatments of date seeds, 20 predominant
metabolites that were previously reported with consumption of proanthocyanidins
were observed in urine [162]. The results indicate a significant increase in levels of
aromatic acids such as protocatechuic acid, hydroxybenzoic acid, vanillic acid, vanillic
acid sulphate and ferulic acid sulphate in the first three hours of consumption
compared to the baseline. The levels of these aromatic compounds were sustained up
to 24 hours in the urine samples. Date seeds are rich in phenolic acids such as
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protocatechuic acid and p-hydroxybenzoic acid in their free form, and the present
study also found that these compounds are readily transported across the Caco-2
monolayer, which explains the immediate presence in urine [11]. It is noteworthy that
these compounds are also released from microbial metabolism of catechins and
protocatechuic acid, which explains their sustained release until 24 hours in the study
[74, 162]. An illustration of the tentative pathway for date seed colonic metabolites is
provided in Figure 36.
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Figure 36: Proposed metabolic pathway of date seed polyphenols in humans.
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Vanillic acid is significantly increased at 0-3 hours in comparison to baseline,
which could be attributed to its formation in the liver by methylation [163]. A similar
observation was reported by Gonthier et al. (2003) in their study with red wine powder
supplementation in rats [161]. Liver metabolism can be similarly attributed to the
increase in vanillic acid sulphate at 0-3 hours after date seed consumption. A previous
study with cocoa reports increase in ferulic acid but after 8 hours of consumption [160],
which indicates its formation through gut microbial metabolism from 3hydroxyphenyl propionic acid. By contrast, here, the release of ferulic acid sulphate is
happening in the urine immediately in the 0-3 hours following consumption and is
sustained until 24 hours. In vitro bioaccessibility study with digested date seed samples
revealed transport of caffeoyl shikimic acids (ester of caffeic acid) across intestinal
monolayer readily following 4 hours incubation. Since caffeic acid is a precursor of
ferulic acid, its formation in the liver in the initial hours cannot be ignored.
Other important proanthocyanidin metabolites that were identified are
valerolactone compounds and other aromatic acids such as 3-hydroxyphenyl acetic,
propionic and valeric acid along with 3-4 dihydroxyphenyl valeric acid and its sulphate
and hippuric and hydroxy hippuric acid. All of these metabolites are well documented
with the consumption of other proanthocyanin sources such as grapeseed and cocoa
[160, 161]. The origin of these metabolites in the colon by the action of gut microbes.
Like the results of cocoa and grape seeds, a peak, between the period of 3-8 hours, and
a sustained release up to 24 hours in urine were observed with date seed treatments. It
is reported that hydroxyhippuric acid is formed from hydroxybenzoic acid in the liver
and the metabolism of all the aromatic acids are interlinked [163] which is in
agreement with the kinetics of these compounds in the current work. Interestingly, the
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only conjugated catechin metabolite that was identified is methyl epicatechin sulphate.
Gonthier et al. (2003) suggested that the degree of polymerisation dictates the number
of urinary metabolites observed [74]. The high degree of polymerisation of date seed
samples was already established when the present work characterized the polyphenol
profile in date seeds [164]. Phenyl valerolactones and phenyl valeric acids are wellreported metabolites of catechin and increased significantly across all date seed
treatments and doses from 3-8 hours following the ingestion of date seeds [161].
4.3.3 Antioxidant effect of date seed polyphenols in humans
The antioxidant effect that is reported in this study are most probably involving
date seeds polyphenols and metabolites. Indeed, such effects are typical of
polyphenols. An up-regulation of the body enzymatic defence system, like GSH,
through the activation of transcription factors and the scavenging of free radicals
through either a direct interaction with the radicals or the inhibition of enzymes
involved in the free radicals’ production, was described as some of the primary
mechanisms by which polyphenols exert their antioxidant properties [41]. Besides, the
kinetics of the urine excretion of polyphenols metabolites and their type are further
supporting the implication of polyphenols from date seeds. Indeed, while GSH was
increasing and oxidative damages were reduced, an abundance of polyphenols was
found in the urine, up to 8 hours after consumption. Also, the trend to a decrease of
GSH between 8 and 24 hours occurred in parallel with the less intense urine excretion
of polyphenols.
Interestingly, up to 8 hours, the urine polyphenols are similar to those identified
after in vitro intestinal absorption [164] and are among the compounds with the highest
antioxidant properties [74, 137, 165]. Between 8 and 24 hours, mainly metabolites
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with lower antioxidant power and resulting from the gut microbiota metabolism [74,
166, 167] were released in the urine. This is an agreement with a less extensive
antioxidant effect of date seeds products, with the maintenance of a significant effect
on oxidative status, only, between 8 and 24 hours. Further, there is a clear, tight
relationship between the antioxidant power, its underlying mechanism and the
chemical structure of the polyphenolic compounds [168]. Notably, a more significant
number of reactive sites-binding free radicals is enhancing the ability to scavenge free
radicals. Interestingly, this is the case of the polyphenols detected after 8 hours
compared to those released before. This is explaining the prolonged protective effect
against protein and lipids oxidative damages.
Noticeably, the consumption of date seeds bread did decrease the level of
protein carbonyl but not the level of MDA, suggesting that polyphenols from date
seeds bread bind more proteins than lipids to protect against oxidative damages. It is
well known that the release of glucose in the blood is inducing increased production
of free radicals. These later were shown to increase the level of advanced glycation
end products, which in turn would raise the level of protein carbonyls [169]. The
carbohydrate content of date seed bread is higher compared to the date seeds powder
and extract. Consequently, the consumption of the bread itself would generate an
additional amount of protein carbonyl groups, reinforcing the level of oxidative stress
and attracting polyphenols. Being linked to protein carbonyl groups, polyphenols from
date seeds bread could be less available to protect lipids from oxidation.
Polyphenols are preventing the development of chronic diseases in different
other ways. This includes a lipid-lowering effect and a modulation of the blood glucose
level [170-172]. However, the antioxidant activity of the polyphenols was commonly
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identified as a mediator. In this present work, even though, date seeds polyphenols
were able to positively influence the oxidative status of the subjects, no significant
change of the lipid profile and the glycemia was observed. The decrease in blood
biochemical parameters is observed with long term consumption. Indeed, a high
number of clinical trials reported a significant impact of polyphenols consumption on
lipid and glucose levels after several weeks [173]. However, recent meta-analysis
supports a lack of effect on the lipid profile of famous polyphenols compounds like
resveratrol or quercetin [63, 75]. All this taken together, the results could have been
expected.
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Chapter 5: Conclusion
The primary goal of this doctoral research was to demonstrate the effectiveness
of date seeds as a potential polyphenol source for the food industry. The study was
conducted in date seeds of Khalas variety which is a common date variety used in the
production of date pastes and syrups in the UAE, and consequently, more seeds from
this variety are wasted as a by-product. The results described in this doctoral
dissertation has been published in two peer-reviewed journal articles [174, 175].
5.1 General Conclusions
The work investigated Khalas variety date seeds as three date seed products
which are proposed for human use; DSP, DSE and DSB. A total of 27, 29 and 15
compounds were characterised in DSP, DSE and DSB respectively. Polyphenols
characterised were hydroxycinnamic acid, hydroxybenzoic acids, flavanols, flavonols
and flavones. The study gives the first report of the presence of compounds N1, N4dicaffeoyl spermidine, N1, N8-dicaffeoyl spermidine and pyrogallol in date seeds.
The quantification of polyphenols revealed that the most abundant group of
polyphenols in date seed forms was flavan-3-ols. DSP, DSE and DSB had high mean
DP, which indicates the presence of polymeric proanthocyanidins in date seeds,
thereby highlighting the importance of metabolism of gut microbes in any possible
health effect associated with the consumption of date seeds. Polyphenols require good
bioaccessibility from digestion in order to ensure high bioavailability and the stability
of polyphenols during digestion is a concern. The recovery of polyphenols from DSP,
DSE and DSB during in vitro digestion was studied to address this concern. An
increase in the polyphenol level was observed in the intestinal phase of digestion which
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can be a factor of increased solubility of polyphenols in high pH combined with its
release from food matrix during digestion. The presence of six polyphenols from the
digested samples; protocatechuic acid, vanillic acid, procyanidin B2 and three isomers
of caffeoylshikimic acid was detected. No procyanidin monomers, trimers or tetramers
were detected following in vitro digestion. The binding of procyanidins to
carbohydrates and the protein precipitating property of highly polymeric procyanidins
combined with their relatively lower monomer concentrations can explain its nondetection. Transport of digested samples across Caco-2 monolayer was observed after
four hours of exposure and found that critical phenolic acids such as caffeoylshikimic
acid, protocatechuic acid, p-hydroxybenzoic acid, p-coumaric acid and syringic acid
hexoside along with flavone diosmin were actively transported across the Caco-2
monolayer indicating significant bioaccessibility of free polyphenols from date seeds.
The procyanidin B2 dimer recovered after digestion was not transported across the
Caco-2 monolayer, but evidence points to its presence within the cells. The results
from this study indicate that the polymeric procyanidins from date seeds forms are
reaching the colon relatively unchanged for gut microbial metabolism.
The in vivo bioavailability of date seed polyphenols was further tested in 16
healthy human volunteers. Two doses each of DSP, DSE and DSB were provided to
the participants. The serum biochemical parameters were tested and showed no sign
of toxicity in the study. The study confirms that safety of consumption of a single dose
of 0.5 g/kg bodyweight of date seed powder, 360 g of 15% date seed bread and 60
mg/kg bodyweight of date seed extract in human. Polyphenol metabolites were probed
in both blood and urine sample using UPLC-ESI-QTOF (MS/MS) analysis. The study
was successful in finding twenty polyphenol metabolites in the urine sample with a
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detection score above 90 with the ingestion of all six date seed treatments. However,
the detection score of these twenty metabolites, although present in the blood sample,
was meagre and ranged between 50 and 60. The presence of polyphenol metabolites
in the blood is transitory and their levels in the sample at any given time point only
represent what is present for a fraction of seconds which explains the low detection
scores. However, the urine samples in the study were pooled samples that were
excreted during a time frame of several hours. The metabolites in these samples are
hence more concentrated and can be detected with higher detection scores. Therefore
the difference in the quality of results between urine and blood sample, confirms the
usefulness of urine as the ideal sample for polyphenol metabolite investigations.
The twenty date seed polyphenol metabolites were; two isomers of
hydroxybenzoic acid, two isomers of protocatechuic acid, two isomers of vanillic acid,
vanillic acid sulphate, ferulic acid sulphate and methyl epicatechin sulphate, prevalent
metabolites of proanthocyanidins such as 3,4-dihydroxyphenyl valerolactone, its
glucuronide and sulphate, aromatic acids such as 3-hydroxyphenyl acetic acid, 3hydroxyphenyl propanoic acid, 3-hydroxyphenyl valeric acid, 3,4-hydroxyphenyl
valeric acid and its sulphate, hippuric acid and two isomers of hydroxy-hippuric acid.
Phenolic acids, protocatechuic acid and hydroxybenzoic acid, increased in
levels within 3 hours following ingestion and their levels were sustained up to 24
hours. The presence of these compounds in significant quantities account for their
increase in excretion within three hours following consumption. The levels of phenolic
acids were maintained up to 24 hours due to their formation from the
proanthocyanidins metabolism in the colon by gut microbes. Significant increases in
the levels of vanillic acid and its sulfate and ferulic acid sulphate were observed from
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3-8 hours after ingestion and was sustained up to 24 hours. The initial increase in the
concentration can be attributed to the metabolism in the brush-border epithelium of the
intestine and liver metabolism, and further release is ensured from the gut microbial
metabolism. Important flavanol metabolites such as methyl-epicatechin sulphate 3,4dihydroxyphenyl valerolactone, its glucuronide and sulphate, aromatic acids such as
3-hydroxyphenyl acetic acid, 3-hydroxyphenyl propanoic acid, 3-hydroxyphenyl
valeric acid, 3,4-hydroxyphenyl valeric acid and its sulphate were increased
significantly between 3 to 8 hours after date seed treatment consumption and their
levels were sustained up to 24 hours owing to their release in the colon from gut
microbial metabolism. The excretion profile of these metabolites agrees with other
studies. The antioxidant status of the plasma was improved with the consumption of
date seed products by the participants. The levels of glutathione were improved
significantly with the consumption of date seed treatments within the first 2 hours and
consequently, the level of protein oxidation product protein carbonyl was significantly
reduced in all three products. Lipid oxidation product malondialdehyde was decreased
significantly in DSE and DSP but in the case of DSB, although a decrease was
observed, it was not significant. The increased protein carbonyl associated with
consumption of carbohydrates could be implicated in the inability to protect lipids
from oxidation. The improvement of antioxidant status in humans by date seed
products is supported by results from the in vitro and in vivo part of the study. The in
vitro bioaccessibility study results indicated quick absorption of free phenolic acids
from the digested date see products and similarly higher levels of phenolic acids was
observed in the first 3 hours after consumption of date seed products in humans. The
effect of these polyphenols is critical to lower levels of protein carbonyls and elevated
glutathione levels in the plasma.
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5.2 Limitations of the Study
The significant proportion of date seed polyphenols are polymeric
proanthocyanidins which have very little to no absorption in the intestine and are
metabolized by gut microbes in the colon. The colonic metabolism results in the
breakdown of these polymeric proanthocyanidins to their monomeric forms such as
catechins and epicatechins which are then further metabolized by sulphation,
methylation, or glucuronidation or produces new metabolites such valerolactones and
related compounds, all of which are bioactive compounds. The current study, although
characterized these metabolites from date seed in vivo in humans, failed to account for
the colonic fermentation in its in vitro bioaccessibility study. Studies on the effect of
date seed polyphenol on the colonic microbiome are critical due to emerging data that
dietary polyphenols through their metabolites contribute to the maintenance of the gut
health by the modulation of the gut microbial balance. Polyphenols can enhance the
growth of beneficial bacteria in the gut and inhibit the growth of pathogenic types;
thus, they act as prebiotics. No colonic fermentation experiment was carried out for
the date seed bread, powder or extract in vitro following digestion, thereby, the effect
exerted by date seed polyphenols to modulate the gut microbial types has not been
addressed in the current work.
This doctoral work highlighted the antioxidant effect of a single dose each of
the date seeds product (powder, bread and extract) in human and thereby helps to
establish the effectiveness of date seeds as a potential functional ingredient. Although
this is the first report on the effect of date seed polyphenol consumption in vivo in
human, it does not address the effect of long-term consumption of date seed products.
Long term consumption of date seed polyphenols can also impact the way the
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polyphenols are metabolized and thereby its affect its bioavailability. Moreover, it
should be noted that in the in vivo study in humans, the analysis included only 14
subjects. Although this sample size is within the range of several similar human
studies, to translate the findings to population and date industry, a larger sample size
with long term supplementation is ideal. Moreover, in the study, a qualitative approach
was used to study the urine excretion of the polyphenol metabolites. The mass
spectrometry analysis in urine samples did not quantify each metabolite that was
identified using standards due to lack of resources at the time of experiments.
Therefore, absolute quantification of the metabolites was not possible. Consequently,
the study could not highlight the probable difference between the date seed products,
bread, powder and extract or differences between the two doses of the same product
with the data. However, the study was instrumental in providing the first report of
polyphenol metabolites of date seeds in humans and implied the positive health
outcome with a single dose of date seeds polyphenols in the expression of the
antioxidant effect.
5.3 Research Implications and Future Prospects of the Study
This doctoral work has established the efficacy of using date seed as
polyphenol source in functional food. It characterized the complete polyphenol profile
in Khalas variety date seeds in three forms proposed for human use. Apart from
establishing the predominance of polymeric proanthocyanidins in date seeds, the study
ascertained that the second most predominant group are phenolic acids with significant
quantities of protocatechuic acid. The presence of free protocatechuic acid in plant
foods are rare, and its presence in date seed is a remarkable feature. The study also
demonstrates bioaccessibility of bioactive phenolic acids such as hydroxybenzoic acid,
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protocatechuic acid and caffeoyl shikimic acid in the initial stages of digestion. The
transport studies prove their effective absorption in the intestine from all three forms
of date seeds DSP, DSE and DSB. In the in vivo work, the study establishes the
antioxidant activity in human with consumption of date seeds, even with a single
consumption. More importantly, the research indicated that date seeds are safe in
human. It is also the first report on the bioavailability of date seed polyphenols in
humans which has a significant impact for the date industry, as it validates a useful
method of valorisation of a wasted industrial by-product. Moreover, this study has
provided evidence of the effectiveness of a model functional food based on date seed,
DSB, to improve the antioxidant status in human.
However, to account for the fate of proanthocyanidins in the colon, further
studies can be designed. Future studies on in vitro colonic fermentation can be pivotal
in addressing this gap in knowledge. Since the significant portion of date seed
polyphenols are reaching the colon unchanged, a more significant impact on gut
microbes could be suspected for date seed polyphenols. Another aspect of colonic
fermentation to be considered is the production of short-chain fatty acids. Short-chain
fatty acids (SCFA) are critical regulators of gut health. Dietary fibre and polyphenols
are both metabolized to SCFA by the gut microbes. The production of these
compounds may alter the microbiota growth and diversity, which can consequently
alter the metabolites that released in the gut for favourable health outcomes. In vitro
fermentation studies with date seed polyphenols can address the modulation in SCFA
production. The bioavailability work in human resulted in the characterisation of
polyphenol metabolites apart from establishing its safety and antioxidant effect in
human. The next logical step is to study the effect of long-term consumption of date
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seed products and its associated health benefits. Future studies with long term
consumption can also address the modulation of gut microbial diversity as an effect of
date seed polyphenols. Keys findings from such studies will be crucial when
translating the evidence to the food industry.

126

References

1.

Ng SW, Zaghloul S, Ali H, Harrison G, Yeatts K, El Sadig M, Popkin BM.
Nutrition transition in the United Arab Emirates. European Journal of Clinical
Nutrition. 2011;65(12):1328-37.

2.

Valko M, Izakovic M, Mazur M, Rhodes C, Telser J. Role of oxygen radicals
in DNA damage and cancer incidence. Molecular and Cellular Biochemistry.
2004;266(1-2):37-56.

3.

Kujoth GC, Hiona A, Pugh TD, Someya S, Panzer K, Wohlgemuth SE, Hofer
T, Seo AY, Sullivan R, Jobling WA, Morrow JD. Mitochondrial DNA
Mutations, Oxidative Stress, and Apoptosis in Mammalian Aging. Science.
2005;309(5733):481-4.

4.

Visconti R, Grieco D. New insights on oxidative stress in cancer. Current
Opinion in Drug Discovery and Development. 2009;12(2):240-5.

5.

Bahadoran Z, Mirmiran P, Azizi F. Dietary polyphenols as potential
nutraceuticals in management of diabetes: a review. Journal of Diabetes and
Metabolic Disorders. 2013;12:43.

6.

Nishida C, Uauy R, Kumanyika S, Shetty P. The joint WHO/FAO expert
consultation on diet, nutrition and the prevention of chronic diseases: process,
product and policy implications. Public Health Nutrition. 2004 Feb;7(1a):24550.

7.

Almana H, Mahmoud R. Palm date seeds as an alternative source of dietary
fiber in Saudi bread. Ecology of Food and Nutrition. 1994;32(3-4):261-70.

8.

Platat C, Habib HM, Almaqbali FD, Jaber NNA, Ibrahim WH. Identification
of date seeds varieties patterns to optimize nutritional benefits of date seeds.
Journal of Nutrition and Food Sciences. 2014;S8:008.

9.

Habib HM, Ibrahim WH. Nutritional quality evaluation of eighteen date pit
varieties. International Journal of Food Sciences and Nutrition.
2009;60(sup1):99-111.

10.

Sirisena S, Zabaras D, Ng K, Ajlouni S. Characterization of Date (Deglet Nour)
Seed Free and Bound Polyphenols by High-Performance Liquid
Chromatography-Mass Spectrometry: HPLC characterization of date seed free
and bound polyphenols. Journal of Food Science. 2017;82(2):333-40.

127
11.

Habib HM, Platat C, Meudec E, Cheynier V, Ibrahim WH. Polyphenolic
compounds in date fruit seed (Phoenix dactylifera): characterisation and
quantification by using UPLC-DAD-ESI-MS. Journal of the Science of Food
and Agriculture. 2014;94(6):1084-9.

12.

Habib HM, Ibrahim WH. Effect of date seeds on oxidative damage and
antioxidant status in vivo. Journal of the Science of Food and Agriculture.
2011;91(9):1674-9.

13.

Platat C, Habib H, Othman A, Al-Marzooqi S, Al-Bawardi A, Yasin J, Hilary
S, Al-Maqbali F, Souka U, Al-Hammadi S, Ibrahim W. Safety and protective
effect of date (Phoenix Dactylifera) seed extract against oxidative damage in
rat. International Journal of Food and Nutritional Sciences. 2015;4(4):21-8.

14.

Takaeidi MR, Jahangiri A, Khodayar MJ, Siahpoosh A, Yaghooti H, Rezaei S,
Salecheh M, Mansourzadeh Z. The effect of date seed (Phoenix dactylifera)
extract on paraoxonase and arylesterase activities in hypercholesterolemic rats.
Jundishapur Journal of Natural Pharmaceutical Products. 2014;9(1):30-34.

15.

Hasan M, Mohieldein A. In Vivo Evaluation of Anti Diabetic, Hypolipidemic,
Antioxidative Activities of Saudi Date Seed Extract on Streptozotocin Induced
Diabetic Rats. Journal of Clinical and Diagnostic Research : JCDR.
2016;10(3):FF06-FF12.

16.

Dehghanian F, Kalantaripour TP, Esmaeilpour K, Elyasi L, Oloumi H, Pour
FM, Asadi-Shekaari M. Date seed extract ameliorates β-amyloid-induced
impairments in hippocampus of male rats. Biomedicine & Pharmacotherapy.
2017;89:221-6.

17.

Platat C, Habib HM, Hashim IB, Kamal H, AlMaqbali F, Souka U, Ibrahim
WH. Production of functional pita bread using date seed powder. Journal of
Food Science and Technology. 2015;52(10):6375-84.

18.

Hamada JS, Hashim IB, Sharif FA. Preliminary analysis and potential uses of
date pits in foods. Food Chemistry. 2002;76(2):135-7.

19.

Scalbert A, Morand C, Manach C, Rémésy C. Absorption and metabolism of
polyphenols in the gut and impact on health. Biomedicine & Pharmacotherapy.
2002;56(6):276-82.

20.

Sirisena S, Ajlouni S, Ng K. Simulated gastrointestinal digestion and in vitro
colonic fermentation of date (Phoenix dactylifera L.) seed polyphenols.
International Journal of Food Science & Technology. 2018;53(2):412-22.

128
21.

Bohn T. Dietary factors affecting polyphenol bioavailability. Nutrition
Reviews. 2014;72(7):429-52.

22.

Ng SW, Zaghloul S, Ali HI, Harrison G, Popkin BM. The prevalence and trends
of overweight, obesity and nutrition‐related non‐communicable diseases in the
Arabian Gulf States. Obesity Reviews. 2011;12(1):1-13.

23.

Malik M, Razig SA. The prevalence of the metabolic syndrome among the
multiethnic population of the United Arab Emirates: a report of a national
survey. Metabolic Syndrome and Related Disorders. 2008;6(3):177-86.

24.

Mehairi AE, Khouri AA, Naqbi MM, Muhairi SJ, Maskari FA, Nagelkerke N,
Shah SM. Metabolic syndrome among Emirati adolescents: a school-based
study.
PloS
one.
2013;8(2):
e56159.
https://doi.org/10.1371/journal.pone.0056159

25.

Atlas D. International diabetes federation. IDF Diabetes Atlas, 7th edn
Brussels, Belgium: International Diabetes Federation. 2015.

26.

Hajat C, Harrison O, Al Siksek Z. Weqaya: a population-wide cardiovascular
screening program in Abu Dhabi, United Arab Emirates. American Journal of
Public Health. 2012;102(5):909-14.

27.

Al Junaibi A, Abdulle A, Sabri S, Hag-Ali M, Nagelkerke N. The prevalence
and potential determinants of obesity among school children and adolescents
in Abu Dhabi, United Arab Emirates. International Journal of Obesity.
2013;37(1):68-74.

28.

Musaiger AO, Radwan HM. Social and dietary factors associated with obesity
in university female students in United Arab Emirates. Journal of the Royal
Society of Health. 1995;115(2):96-9.

29.

Yusufali A, Bazargani N, Muhammed K, Gabroun A, AlMazrooei A, Agrawal
A, Al-Mulla A, Hajat C, Baslaib F, Philip J, Gupta P. Opportunistic screening
for CVD risk factors: The Dubai shopping for cardiovascular risk study
(DISCOVERY). Global Heart. 2015;10(4):265-72.

30.

Al-Othman S, Haoudi A, Alhomoud S, Alkhenizan A, Khoja T, Al-Zahrani A.
Tackling cancer control in the Gulf Cooperation Council Countries. The Lancet
Oncology. 2015;16(5):e246-e57.

31.

World Health Organisation. Noncommunicable Diseases Country Profiles
2018. Geneva: World Health Organisation; 2018. Available at:
<http://apps.who.int/iris.> [Accessed 11 January 2020].

129
32.

Wu L, Ashraf MH, Facci M, Wang R, Paterson PG, Ferrie A, Juurlink BH.
Dietary approach to attenuate oxidative stress, hypertension, and inflammation
in the cardiovascular system. Proceedings of the National Academy of Sciences
of the United States of America. 2004;101(18):7094-9.

33.

Shacter E, Weitzman SA. Chronic inflammation and cancer. Oncology.
2002;16(2):217-32.

34.

Guo W, Kong E, Meydani M. Dietary Polyphenols, Inflammation, and Cancer.
Nutrition and Cancer. 2009;61(6):807-10.

35.

Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of ageing.
Nature. 2000;408(6809):239-47.

36.

Apel K, Hirt H. REACTIVE OXYGEN SPECIES: Metabolism, Oxidative
Stress, and Signal Transduction. Annual Review of Plant Biology.
2004;55(1):373-99.

37.

Peña-Oyarzun D, Bravo-Sagua R, Diaz-Vega A, Aleman L, Chiong M, Garcia
L, Bambs C, Troncoso R, Cifuentes M, Morselli E, Ferreccio C. Autophagy
and oxidative stress in non-communicable diseases: A matter of the
inflammatory state? Free Radical Biology and Medicine. 2018;124:61-78.

38.

Dröge W, Schulze‐Osthoff K, Mihm S, Galter D, Schenk H, Eck HP, Roth S,
Gmünder H. Functions of glutathione and glutathione disulfide in immunology
and immunopathology. The FASEB Journal. 1994;8(14):1131-8.

39.

Bast A, Haenen GRMM, Doelman CJA. Oxidants and antioxidants: State of
the art. The American Journal of Medicine. 1991;91(3, Supplement 3):S2-S13.

40.

Mytilineou C, Kramer BC, Yabut JA. Glutathione depletion and oxidative
stress. Parkinsonism & related disorders. 2002;8(6):385-7.

41.

Hussain T, Tan B, Yin Y, Blachier F, Tossou MCB, Rahu N. Oxidative stress
and inflammation: what polyphenols can do for us? Oxidative Medicine and
Cellular
Longevity.
2016;
2016:7432797.
https://doi.org/10.1155/2016/7432797

42.

Niki E, Yoshida Y, Saito Y, Noguchi N. Lipid peroxidation: Mechanisms,
inhibition, and biological effects. Biochemical and Biophysical Research
Communications. 2005;338(1):668-76.

43.

Reed TT. Lipid peroxidation and neurodegenerative disease. Free Radical
Biology and Medicine. 2011;51(7):1302-19.

130
44.

Sohal RS. Role of oxidative stress and protein oxidation in the aging
process1,2. Free Radical Biology and Medicine. 2002;33(1):37-44.

45.

Castegna A, Drake J, Pocernich C, Butterfield DA. Protein carbonyl levels—
an assessment of protein oxidation. Methods in Biological Oxidative Stress:
Springer; 2003. pp. 161-8.

46.

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress,
inflammation, and cancer: how are they linked? Free Radical Biology and
Medicine. 2010;49(11):1603-16.

47.

Han X, Shen T, Lou H. Dietary polyphenols and their biological significance.
International Journal of Molecular Sciences. 2007;8(9):950-88.

48.

Lecour S, Lamont KT. Natural polyphenols and cardioprotection. Mini
Reviews in Medicinal Chemistry. 2011;11(14):1191-9.

49.

Forester SC, Lambert JD. The role of antioxidant versus pro‐oxidant effects of
green tea polyphenols in cancer prevention. Molecular Nutrition & Food
Research. 2011;55(6):844-54.

50.

Banerjee A, Kunwar A, Mishra B, Priyadarsini KI. Concentration dependent
antioxidant/pro-oxidant activity of curcumin studies from AAPH induced
hemolysis of RBCs. Chemico-Biological Interactions. 2008;174(2):134-9.

51.

Sadava D, Whitlock E, Kane SE. The green tea polyphenol, epigallocatechin3-gallate inhibits telomerase and induces apoptosis in drug-resistant lung
cancer cells. Biochemical and Biophysical Research Communications.
2007;360(1):233-7.

52.

Ahmed S, Rahman A, Hasnain A, Lalonde M, Goldberg VM, Haqqi TM. Green
tea polyphenol epigallocatechin-3-gallate inhibits the IL-1β-induced activity
and expression of cyclooxygenase-2 and nitric oxide synthase-2 in human
chondrocytes. Free Radical Biology and Medicine. 2002;33(8):1097-105.

53.

Leifert WR, Abeywardena MY. Grape seed and red wine polyphenol extracts
inhibit cellular cholesterol uptake, cell proliferation, and 5-lipoxygenase
activity. Nutrition Research. 2008;28(12):842-50.

54.

Afsar T, Trembley JH, Salomon CE, Razak S, Khan MR, Ahmed K. Growth
inhibition and apoptosis in cancer cells induced by polyphenolic compounds of
Acacia Hydaspica: involvement of multiple signal transduction pathways.
Scientific Reports. 2016;6(1):1-12.

131
55.

Chung JY, Park JO, Phyu H, Dong Z, Yang CS. Mechanisms of inhibition of
the Ras-MAP kinase signaling pathway in 30.7 b Ras 12 cells by tea
polyphenols (−)-epigallocatechin-3-gallate and theaflavin-3, 3′-digallate. The
FASEB Journal. 2001;15(11):2022-4.

56.

Hou Z, Lambert JD, Chin K-V, Yang CS. Effects of tea polyphenols on signal
transduction pathways related to cancer chemoprevention. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis.
2004;555(1-2):3-19.

57.

Gehm BD, McAndrews JM, Chien P-Y, Jameson JL. Resveratrol, a
polyphenolic compound found in grapes and wine, is an agonist for the
estrogen receptor. Proceedings of the National Academy of Sciences.
1997;94(25):14138-43.

58.

Ren F, Zhang S, Mitchell SH, Butler R, Young CYF. Tea polyphenols downregulate the expression of the androgen receptor in LNCaP prostate cancer
cells. Oncogene. 2000;19(15):1924-32.

59.

Monasterio A, Urdaci MC, Pinchuk IV, Lopez-Moratalla N, Martinez-Irujo JJ.
Flavonoids induce apoptosis in human leukemia U937 cells through caspaseand caspase-calpain-dependent pathways. Nutrition and Cancer.
2004;50(1):90-100.

60.

Alshatwi AA, Periasamy VS, Athinarayanan J, Elango R. Synergistic
anticancer activity of dietary tea polyphenols and bleomycin hydrochloride in
human cervical cancer cell: Caspase-dependent and independent apoptotic
pathways. Chemico-Biological Interactions. 2016;247:1-10.

61.

Vita JA. Polyphenols and cardiovascular disease: effects on endothelial and
platelet function. The American Journal of Clinical Nutrition. 2005;81(1):
292S-7S.

62.

Tsao R. Chemistry and biochemistry of dietary polyphenols. Nutrients.
2010;2(12):1231-46.

63.

Sahebkar A. Effects of quercetin supplementation on lipid profile: A systematic
review and meta-analysis of randomized controlled trials. Critical Reviews in
Food Science and Nutrition. 2017;57(4):666-76.

64.

Shukla S, Gupta S. Apigenin: a promising molecule for cancer prevention.
Pharmaceutical Research. 2010;27(6):962-78.

65.

Garg A, Garg S, Zaneveld LJD, Singla AK. Chemistry and pharmacology of
the citrus bioflavonoid hesperidin. Phytotherapy Research. 2001;15(8):655-69.

132
66.

Zaid AA, El-Shenawy NS. Effect of miso (A soybean fermented food) on some
human cell lines; HEPG2, MCF7 and HCT116. Journal of American Science.
2010;12(6):1274-82.

67.

Adisakwattana S, Yibchok-Anun S, Charoenlertkul P, Wongsasiripat N.
Cyanidin-3-rutinoside alleviates postprandial hyperglycemia and its synergism
with acarbose by inhibition of intestinal α-glucosidase. Journal of Clinical
Biochemistry and Nutrition. 2011;49(1):36-41.

68.

de Pascual-Teresa S, Moreno DA, García-Viguera C. Flavanols and
anthocyanins in cardiovascular health: a review of current evidence.
International Journal of Molecular Sciences. 2010;11(4):1679-703.

69.

Yang CS, Chung JY, Guang y, Yang, Chhabra SK, Mao-Jung L. Tea and tea
polyphenols in cancer prevention. The Journal of Nutrition.
2000;130(2S):472S-8S.

70.

Neveu V, Perez-Jiménez J, Vos F, Crespy V, du Chaffaut L, Mennen L, Knox
C, Eisner R, Cruz J, Wishart D, Scalbert A. Phenol-Explorer: an online
comprehensive database on polyphenol contents in foods. Database.
2010;2010:bap024. https://doi.org/10.1093/database/bap024

71.

Ou K, Gu L. Absorption and metabolism of proanthocyanidins. Journal of
Functional Foods. 2014;7:43-53.

72.

Tomás‐Barberán FA, Clifford MN. Dietary hydroxybenzoic acid derivatives–
nature, occurrence and dietary burden. Journal of the Science of Food and
Agriculture. 2000;80(7):1024-32.

73.

Vitaglione P, Donnarumma G, Napolitano A, Galvano F, Gallo A, Scalfi L,
Fogliano V. Protocatechuic acid is the major human metabolite of cyanidinglucosides. The Journal of Nutrition. 2007;137(9):2043-8.

74.

Gonthier M-P, Donovan JL, Texier O, Felgines C, Remesy C, Scalbert A.
Metabolism of dietary procyanidins in rats. Free Radical Biology and
Medicine. 2003;35(8):837-44.

75.

Haghighatdoost F, Hariri M. Effect of resveratrol on lipid profile: An updated
systematic review and meta-analysis on randomized clinical trials.
Pharmacological Research. 2018;129:141-50.

133
76.

Hano C, Corbin C, Drouet S, Quéro A, Rombaut N, Savoire R, Molinié R,
Thomasset B, Mesnard F, Lainé E. The lignan (+)‐secoisolariciresinol
extracted from flax hulls is an effective protectant of linseed oil and its
emulsion against oxidative damage. European Journal of Lipid Science and
Technology. 2017;119(8):1600219. https://doi.org/10.1002/ejlt.201600219

77.

Al-Farsi MA, Lee CY. Optimization of phenolics and dietary fibre extraction
from date seeds. Food Chemistry. 2008;108(3):977-85.

78.

Al-Farsi MA, Lee CY. Usage of date (Phoenix dactylifera L.) seeds in human
health and animal feed. Nuts and seeds in health and disease prevention:
Elsevier; 2011. p. 447-52.

79.

Besbes S, Blecker C, Deroanne C, Drira N-E, Attia H. Date seeds: chemical
composition and characteristic profiles of the lipid fraction. Food Chemistry.
2004;84(4):577-84.

80.

Habib HM, Kamal H, Ibrahim WH, Al Dhaheri AS. Carotenoids, fat soluble
vitamins and fatty acid profiles of 18 varieties of date seed oil. Industrial Crops
and Products. 2013;42:567-72.

81.

Habib HM, Platat C, Meudec E, Cheynier V, Ibrahim WH. Polyphenolic
compounds in date fruit seed (Phoenix dactylifera): characterisation and
quantification by using UPLC‐DAD‐ESI‐MS. Journal of the Science of Food
and Agriculture. 2014;94(6):1084-9.

82.

Al-Farsi M, Alasalvar C, Al-Abid M, Al-Shoaily K, Al-Amry M, Al-Rawahy
F. Compositional and functional characteristics of dates, syrups, and their byproducts. Food Chemistry. 2007;104(3):943-7.

83.

Suresh S, Guizani N, Al-Ruzeiki M, Al-Hadhrami A, Al-Dohani H, Al-Kindi
I, Rahman MS. Thermal characteristics, chemical composition and polyphenol
contents of date-pits powder. Journal of Food Engineering. 2013;119(3):66879.

84.

Alem C, Ennassir J, Benlyas M, Mbark AN, Zegzouti YF. Phytochemical
compositions and antioxidant capacity of three date (Phoenix dactylifera L.)
seeds varieties grown in the South East Morocco. Journal of the Saudi Society
of Agricultural Sciences. 2017;16(4):350-7.

85.

Sekeroglu N, Senol FS, Orhan IE, Gulpinar AR, Kartal M, Sener B. In vitro
prospective effects of various traditional herbal coffees consumed in Anatolia
linked to neurodegeneration. Food Research International. 2012;45(1):197203.

134
86.

Mackness MI, Mackness B, Durrington PN. Paraoxonase and coronary heart
disease. Atherosclerosis Supplements. 2002;3(4):49-55.

87.

Diab KAS, Aboul-Ela EI. In vivo comparative studies on antigenotoxicity of
date palm (Phoenix dactylifera l.) pits extract against DNA damage induced by
N-Nitroso-N-methylurea in mice. Toxicology International. 2012;19(3):27986.

88.

Ali SAE-m, Abdelaziz DHA. The protective effect of date seeds on
nephrotoxicity induced by carbon tetrachloride in rats. International Journal of
Pharmaceutical Sciences Reviews and Research. 2014;26(2):62-8.

89.

Al-Qarawi AA, Mousa HM, Ali BH, Abdel-Rahman H, El-Mougy SA.
Protective effect of extracts from dates (Phoenix dactylifera L.) on carbon
tetrachloride-induced hepatotoxicity in rats. International Journal of Applied
Research in Veterinary Medicine. 2004;2(3):176-80.

90.

Habib H, Othman A, Al-Marzooqi S, Al-Bawardi A, Pathan JY, Hilary S,
Souka U, Al-Hammadi S, Ibrahim W, Platat C. The antioxidant activity of date
seed: preliminary results of a preclinical in vivo study. Emirates Journal of
Food and Agriculture. 2017;29(11):822-32.

91.

Venkatachalam CD, Sengottian M. Study on roasted date seed non caffeinated
Coffee powder as a promising alternative. Asian Journal of Research in Social
Sciences and Humanities. 2016;6(6):1387-94.

92.

Bouaziz MA, Amara WB, Attia H, Blecker C, Besbes S. Effect of the addition
of defatted date seeds on wheat dough performance and bread quality. Journal
of Texture Studies. 2010;41(4):511-31.

93.

Al-Dalalia S, Zhenga F, Aleidc S, Abu-Ghoushd M, Samhourie M, Ammar
ALF. Effect of dietary fibers from mango peels and date seeds on
physicochemical properties and bread quality of Arabic bread. International
Journal of Modern Research in Engineering & Management. 2018;1(2):10-24.

94.

Bouaziz MA, Abbes F, Mokni A, Blecker C, Attia H, Besbes S. The addition
effect of Tunisian date seed fibers on the quality of chocolate spreads. Journal
of Texture Studies. 2017;48(2):143-50.

95.

Ambigaipalan P, Shahidi F. Date seed flour and hydrolysates affect
physicochemical properties of muffin. Food Bioscience. 2015;12:54-60.

96.

Amany MMB, Shaker MA, Abeer AK. Antioxidant activities of date pits in a
model meat system. International Food Research Journal. 2012;19(1):223-27.

135
97.

Jambi HA. Evaluation of physio-chemical and sensory properties of yoghurt
prepared with date pits powder. Current Science International. 2018;7(1):1-9.

98.

Scalbert A, Williamson G. Dietary intake and bioavailability of polyphenols.
The Journal of Nutrition. 2000;130(8S):2073S-85S.

99.

Manach C, Scalbert A, Morand C, Rémésy C, Jiménez L. Polyphenols: food
sources and bioavailability. Amercican Journal of Clinical Nutrition.
2004;79(5):727-47.

100.

Serra A, Macia A, Romero MP, Valls J, Bladé C, Arola L, Motilva MJ.
Bioavailability of procyanidin dimers and trimers and matrix food effects in in
vitro and in vivo models. British Journal of Nutrition. 2009;103(7):944-52.

101.

Fu S, Augustin MA, Shen Z, Ng K, Sanguansri L, Ajlouni S. Bioaccessibility
of curcuminoids in buttermilk in simulated gastrointestinal digestion models.
Food Chemistry. 2015;179:52-9.

102.

Wishart DS, Feunang YD, Marcu A, Guo AC, Liang K, Vázquez-Fresno R,
Sajed T, Johnson D, Li C, Karu N, Sayeeda Z. HMDB 4.0: the human
metabolome database for 2018. Nucleic Acids Research. 2018;46(D1):D608D17.

103.

Scalbert A, Williamson G. Dietary intake and bioavailability of polyphenols.
The Journal of Nutrition. 2000;130(8):2073S-85S.

104.

Williamson G, Clifford MN. Role of the small intestine, colon and microbiota
in determining the metabolic fate of polyphenols. Biochemical Pharmacology.
2017;139:24-39.

105.

Scalbert A, Williamson G. Dietary intake and bioavailability of polyphenols.
The Journal of nutrition. 2000;130(8):2073S-85S.

106.

Van Het Hof KH, Wiseman SA, Yang CS, Tijburg LBM. Plasma and
lipoprotein levels of tea catechins following repeated tea consumption.
Proceedings of the Society for Experimental Biology and Medicine.
1999;220(4):203-9.

107.

Hackman RM, Polagruto JA, Zhu QY, Sun B, Fujii H, Keen CL. Flavanols:
digestion, absorption and bioactivity. Phytochemistry Reviews. 2008;7(1):195.
https://doi.org/10.1007/s11101-007-9070-4

108.

Rodríguez H, Landete JM, de las Rivas B, Muñoz R. Metabolism of food
phenolic acids by Lactobacillus plantarum CECT 748T. Food Chemistry.
2008;107(4):1393-8.

136
109.
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Appendices
Appendix A
1. Standard curve of protocatechuic acid
Compound
M-H
TR

Protocatechuic acid
153
10.2

Conc ppm
154
77
38.5
19.25
9.625
4.8125
2.40625
1.203125
0.6015625

Area
2831.31
1482.5
778.7
382.4
209.1
110.7
70.9
27.9
14

3500
3000
y = 18.393x + 28.162
R² = 0.9993

2500
2000
1500
1000

y = 18.667x
R² = 0.9991

500
0

0

50

100

150

200

145
2. Standard curve of caffeic acid
Compound
M-H
TR

Caffeic acid (280nm)
179
17

Conc ppm
100
50
25
12.5
6.25
3.125
1.5625
0.78125
0.390625

Area
1781.25
926.9
481.6
243.5
130.3
67.5
44.6
15.5
8.6

2000
1800

y = 17.809x + 16.106
R² = 0.9995

1600
1400
1200
1000
800
600
400
200
0
0

20

40

60

80

100

120
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3. Standard curve of quercetin
Compound
M-H
TR

Quercetin (280nm)
301
34

Conc ppm
100
50
25
12.5
6.25
3.125
1.5625
0.78125
0.390625

Area
666.6
346.3
181.6
90.1
48.4
24.8
15
6.2
3.5

800
700
y = 6.6683x + 5.7171
R² = 0.9994

600
500
400
300
200
100
0
0

20

40

60

80

100

120
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4. Standard curve of catechin
Compound
M-H
TR

Catechin
289
14.4

Conc ppm
100
50
25
12.5
6.25
3.125
1.5625
0.78125
0.390625

Area
667.4
339.9
179.1
86.8
50.7
25
15.9
4.7
2.33

800

700
y = 6.6579x + 4.7615
R² = 0.9996

600
500
400
300
200
100
0
0

20

40

60

80

100

120
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5. Phloroglucinolysis of Date Seed Powder
Measurements
Phloroglucinolysis

Methanol extraction
Extraction
Extraction Volume (l)
Weight (mg)
Volume (l)
Weight (mg)
0.0018 A
50.2
0.01 A
B
49.7
B
C
49.9
C

Flavan-3-ols prior to phloroglucinolysis
Catechin
Epicatechin
A
37.47
0.33
28.74
0.24
B
37.46
0.33
29.61
0.25
C
36.70
0.32
28.03
0.23
Mean Conc g/kg
0.32
Std Dev
0.00
CV
1.30
Flavan-3-ols after phloroglucinolysis
Catechin
Epicatechin
A
689.30
3.36 205.90
B
695.80
3.43 206.80
C
675.20
3.31 204.50
Mean Conc g/kg
3.37

0.24
0.01
3.23

Std Dev
CV

0.01
1.11

0.06
1.89

0.84
0.86
0.84
0.85

EC-P
8040.10
8048.20
7825.50

43.27
43.75
42.37
43.13
0.70
1.63

Mean degree of polymerization
A
B
C
Mean
Total monomers
4.20
4.29
4.15
4.22
Total adducts
43.27
43.75
42.37
43.13
Adjusted to their molecular weight
A
B
C
Mean
Total monomers
0.01
0.01
0.01
0.01
Total adducts
0.15
0.15
0.15
0.15
mDP
11.29
11.19
11.21
11.23

150.1
150.2
150
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6. Phloroglucinolysis of Date Seed Extract
Measurements
Phloroglucinolysis

Methanol extraction
Extraction
Extraction Volume (l)
Weight (mg)
Volume (l)
Weight (mg)
0.0018 A
50.2
0.01 A
B
49.7
B
C
49.9
C

Flavan-3-ols prior to phloroglucinolysis
Catechin
Epicatechin
A
80.48
0.79
27.10
0.27
B
81.31
0.80
26.10
0.26
C
81.65
0.80
26.20
0.26
Mean Conc g/kg
0.80
Std Dev
0.01
CV
0.76
Flavan-3-ols after phloroglucinolysis
Catechin
Epicatechin
A
667.30
2.73 299.20
B
669.20
2.77 308.10
C
658.40
2.70 296.00
Mean Conc g/kg
2.73

0.26
0.01
2.09

Std Dev
CV

0.04
2.91

0.04
1.33

1.32
1.38
1.31
1.34

EC-P
5403.70
5471.60
5491.70

28.53
29.18
29.17
28.96
0.37
1.28

Mean degree of polymerization
A
B
C
Mean
Total monomers
4.05
4.16
4.01
4.07
Total adducts
28.53
29.18
29.17
28.96
Adjusted to their molecular weight
A
B
C
Mean
Total monomers
0.01
0.01
0.01
0.01
Total adducts
0.10
0.10
0.10
0.10
mDP
8.05
8.02
8.27
8.11

150.1
150.2
150

150
7. Phloroglucinolysis of Date Seed Bread
Measurements
Phloroglucinolysis

Methanol extraction
Extraction
Extraction Volume (l)
Weight (mg)
Volume (l)
Weight (mg)
0.0018 A
49.8
0.01 A
B
50.2
B
C
50.2
C

Flavan-3-ols prior to phloroglucinolysis
Catechin
Epicatechin
A
3.10 <LOQ
2.26 <LOQ
B
3.54 <LOQ
1.84 <LOQ
C
2.92 <LOQ
1.92 <LOQ
Mean Conc g/kg
0
0
Std Dev
0
0
CV
0
0
Flavan-3-ols after phloroglucinolysis
Catechin
Epicatechin
EC-P
A
27.00
0.14
12.40 <LOQ
251.80
B
24.70
0.13
11.30 <LOQ
223.20
C
27.20
0.14
12.00 <LOQ
247.50
Mean Conc g/kg
0.14
0

1.34
1.18
1.31
1.27

Std Dev
CV

0.09
6.70

0.04
5.50

0
0

Mean degree of polymerization
A
B
C
Mean
Total monomers
0.14
0.13
0.14
0.14
Total adducts
1.34
1.18
1.31
1.27
Adjusted to their molecular weight
A
B
C
Mean
Total monomers
0.00
0.00
0.00
0.00
Total adducts
0.00
0.00
0.00
0.00
mDP
10.33
10.04
10.10
10.15

150.3
149.8
150.2
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8. Polyphenol compounds identified using HPLC-ESI-UV/MS/MS (IT) analysis
in DSP, DSE, and DSB during three stages of digestion.
Rt

MW

[MZ]-

Fragments

(min)
Protocatechuic acid

7.5

154

153

109

138

Vanillic acid hexoside

8.3

330

329

167

152

123

Procyanidin B2

16.6

578

577

289

341

179

Abscisic acid

22.1

264

263

153

219

138

Caffeoylshikimic 1

13.5

336

335

179

161

291

Caffeoylshikimic 2

14.4

336

335

179

135

161

Caffeoylshikimic 3

14.7

336

335

179

135

161

9. Recovery of polyphenols from gastric and intestinal phases of digestion
expressed in percentage.
DSP

DSE

Gastric Stage

Intestinal
Stage

DSB

Gastric Stage

Intestinal
Stage

Gastric Stage

Intestinal
Stage

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Protocatechuic acid

67.72

0.74

63.38

0.30

21.78

1.44

53.58

4.74

91.09

4.08

23.75

4.05

Vanillic acid

73.65

4.80

91.27

3.05

55.37

3.93

89.03

7.42

0.00

0.00

0.00

0.00

36.29

0.00

51.26

0.62

16.37

1.69

72.35

3.89

0.00

0.00

0.00

0.00

53.97

0.59

55.30

2.49

32.84

0.72

48.40

1.42

86.44

3.98

0.00

0.00

39.19

3.40

54.65

1.20

7.66

0.18

23.91

2.50

66.29

6.94

0.00

0.00

32.61

1.25

73.18

3.52

8.00

0.32

41.67

0.43

0.00

0.00

0.00

0.00

Procyanidin
B2
Caffeoyl
shikimic 1
Caffeoyl
shikimic 2
Caffeoyl
shikimic 3
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10. Polyphenol transport from digested DSP, DSE and DSB through Caco-2
monolayer expressed in percentage.
DSP
Mean

DSE

SD

Mean

DSB

SD

Mean

SD

p-Hydroxybenzoic acid

34.41

1.26

14.50

1.68

56.21

7.63

Protocatechuic acid

32.36

2.22

16.05

1.19

58.20

4.10

p-Coumaric acid

31.87

2.20

18.87

2.06

0.00

0.00

Caffeoylshikimic 1

75.83

4.33

38.35

1.05

0.00

0.00

Caffeoylshikimic 2

82.18

2.07

57.80

2.74

0.00

0.00

Syringic acid hexoside

50.38

3.13

16.23

3.23

0.00

0.00

Diosmin

15.51

2.60

17.36

4.72

0.00

0.00
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PARTICIPANT INFORMATION SHEET
Date:
Version Number: 1
Study title:
Study of the bioavailability of date seeds compounds in the human body
You are invited to take part in a research project whose aim is to determine the
availability in the human body of date seeds for which interesting health benefits have
been observed.
With your participation in this project, you will help this research to succeed and you
will help yourself and the UAE Community to improve its health and reduce the risk
of increasing diseases like diabetes.
But before you decide it is important for you to understand why the research is being
done and what it will involve. Please take time to read the following information
carefully and discuss it with others if you wish. Ask us if there is anything that is not
clear or if you would like more information. Take time to decide whether or not you
wish to take part.
This study will consider one of the most famous local plant resource, date seeds.
Date seeds have already been used in the UAE to prepare a coffee drunk by the
population.
Besides, many compounds in date seeds have been highlighted as having potential
beneficial health effects. Nonetheless, the availability of these compounds and their
ability to exert these potentially beneficial health effects in the human have not been
demonstrated.
We are hence aiming at studying if the beneficial date seeds compounds will be
available in the human body and exert their health effects after oral consumption.
A total of 16 participants (8 males and 8 females) will be part of the study.
You and the other 15 participants simply match our research criteria: age between 20
and 55 years, none smoker, none alcohol drinker, no recent blood donation, normal
BMI, absent from any type of metabolic or intestinal disorder, no regular consumption
of medication, no gastrointestinal surgery (except appendectomy), no antibiotic taken
during the 6 months preceding the inclusion.
It is up to you to decide whether or not to take part. If you do decide to take part you
will be given this information sheet to keep and be asked to sign a consent form. If you
decide to take part you are still free to withdraw at any time and without giving a
reason. A decision to withdraw at any time, or a decision not to take part, will not
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affect the standard of care you receive. Of course we will need your full participation
and your full commitment till the end of the research but in the same time you have
the full right to leave us and this will not case you any harm in terms of health or other
issues with the university as well.
Starting from this visit, 6 other visits, each visit being a whole day and being separated
by 2-3 weeks will be scheduled. This means that 3 months and a half will be needed
to complete the study but again you will be asked to be available only on 6 days during
this period.
At each visit, you will have to come at 7:00 am and spend the whole day, till 3:30pm.
You will be welcomed in safe clinical setting and spend each day in a room in which
you will have access to TV and wifi connection. You may share the room with another
participant of this study, of the same gender.
During this day, you will receive a breakfast containing date seeds (either as a beverage
or included into bread).
Our purpose being to follow the beneficial compound of date seeds in the human body
after oral consumption, we will collect blood and urine at different times after
consumption, to then be able to detect these compounds.
Blood will be regularly collected during the day by a trained nurse. To make blood
collection more comfortable for you, and to avoid the introduction of the needle at
each blood collection, a small device, named catheter, will be set by the trained nurse
at your arrival in the morning.
Your urine will be also collected by simply putting them into a specific and individual
container.
You will be asked to continue urine collection during the night and you will have to
bring them back the day after. At this time, a last blood collection will be done.
Being part of this study does not represent any risk for you.
You will receive only date seeds powder or date seeds bread which will be added to
your breakfast. As mentioned before, date seeds have been consumed by human in
coffee for long time without any reported side effects. Animal studies conducted by
the team researchers of this project did not show any side effects as well.
In addition, if like any other blood collection, this can lead to a certain potential
discomfort, a qualified nurse will be in charge of blood collection. No invasive test or
painful tests will be performed in this study.
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By contrast, you may take benefits from this study. Indeed, date seeds are recognized
for their great nutritional properties and antioxidant effects which may protect against
diseases like diabetes.
If new information about our study becomes available, we assure you that you will be
informed immediately and it will be your choice whether to discontinue with us or
continue; in case you have decided to continue another written consent will have to be
signed.
At the end of the study, you will be contacted by phone after 1 month in order to get
your feedback and any comment about your health status. All blood test results will be
communicated to you upon request.
We guarantee that all information which will be collected about you during the course
of the research will be kept strictly confidential. Any information about you will have
your name and address removed so that you cannot be recognized from it.
You can have an access to your personal results which were collected in the framework
of this study. You will have to send a request to the Principal Investigator of the study.
This study will be conducted by researchers from the Nutrition and Health Department,
College of Food and Agriculture, United Arab Emirates University (UAEU), and
College of Medicine and Health Sciences, UAEU. This research project is funded by
the UAEU Center-based interdisciplinary research grant competition. This funding
will support the expenses of the study (nurse, materials…). The investigators are
involved in this project as part of their UAEU research activity and will not receive
any financial compensation.
This study has been reviewed and approved by the Al Ain Medical District Human
Research Ethics Committee on December, the 16th, 2014
We will be very grateful if you decide to participate in this research project and we
thank you for your interest. We are at your disposal to answer any question you may
have about this project.
Contact details for further information:
Principle investigator
Platat Carine, PhD
Assistant Professor
Nutrition and Health Department
Faculty of Food and Agriculture
UAE University, Al Ain
Contact no. 050 112 30 17
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CONSENT FORM

Study Number:14/70
Patient ID number used in the study:
Title of project: Study of the availability of date seeds compounds in the human
body
Names of researchers: Dr. Carine Platat (Principal Investigator), Dr. Wissam
Ibrahim
1

I confirm that I have read and understand the information sheet dated …….

2

I understand that my participants is voluntary and that I am free to withdraw

3
4

I understand that if I withdraw from the study it will not adversely affect my
healthcare or employment
I understand that my data will be kept confidential and in a safe place

5

I agree to take part in the above study

Name of patient

Date

Signature

Name of person taking consent

Date

Signature

Name of witness (if subject
unable to read/write)

Date

Signature

Name of parent/guardian/next
of kin (where subject unable to
give consent due to age or
incapacity)

Date

Signature

After: Research Governance Framework for Health and Social Care.
http://www.doh.gov.uk/research/
Updated November 4th, 2003 (lds)
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Participant Information Sheet in Arabic

ورقة المعلومات للمشاركة
التاريخ:
رقم النسخة1 :
عنوان الدراسة :
دراسة توفر مركبات بذور التمر في جسم اإلنسان
أنت مدعو للمشاركة في مشروع بحثي يهدف إلى تحديد فائدة نواة التمر على جسم االنسان ,التي لوحظ له فوائد
صحية مثيرة لالهتمام.
بمشاركتك في هذا المشروع  ،ستساهم في نجاح هذا البحث  ،و ستساعد نفسك و دولة اإلمارات العربية المتحدة
و المجتمع بأكمله على تحسين الصحة العامة و التقليل من خطر زيادة األمراض مثل مرض السكري.
ولكن قبل أن تقرر المشاركة معنا ,يجب عليك أن تفهم لماذا يجري البحث و ما هو مضمونه .لذلك يرجى أخذ
الوقت لقراءة المعلومات التالية بعناية و مناقشتها مع اآلخرين إذا كنت ترغب في ذلك .إذا كان هناك أي شيء
غير واضح أو إذا كنت ترغب في مزيد من المعلومات ال تتردد في السؤال .فكر بعناية و استغرق من الوقت ما
يكفي التخاذ قرارك بشأن مشاركتك في هذا المشروع.
هذه الدراسة تنظر في احدى الموارد النباتية المحلية الشهيرة و هي نواة التمر .
وقد تم بالفعل استخدام نواة التمر في دولة اإلمارات العربية المتحدة إلعداد القهوة و التي القت اقباال كبيرا من
قبل المجتمع االماراتي.
الى جانب ذلك ،تم تسليط الضوء على العديد من المركبات في نواة التمر التي من المحتمل أن يكون لها اثرا
صحيا مفيدا .ومع ذلك  ،لم يبرهن على توفر هذه المركبات وقدرتها على ممارسة هذه التأثيرات الصحية المفيدة
في جسم اإلنسان حتى االن .
نحن بالتالي نهدف إلى دراسة نواة التمر و ما فيه من مركبات مفيدة تكون متاحة في جسم اإلنسان و يكون لها
تأثيرا صحيا ايجابيا بعد تناولها عن طريق الفم.
يتكون عدد المشاركين في هذه الدراسة  16مشاركا ( 8ذكور و  8إناث).
أنت و الخمسة عشر مشاركا االخرين تطابقون معايير أبحاثنا :الفئة العمرية بين  20و  55عاما،ليس مدخن ،ال
يشرب الكحول ،لم يتبرع بالدم مؤخرا ،لديه مؤشر كتلة الجسم الطبيعي ،ال يوجد اضطراب في األمعاء ،ال
يستهلك االدوية بانتظام ،لم يجري جراحة في الجهاز الهضمي (باستثناء استئصال الزائدة الدودية) ،لم يأخذ
مضادا حيويا خالل الستة أشهر السابقة.
قرار المشاركة يرجع اليك تماما ,وإذا قررت أن تشارك ستعطى لك ورقة المعلومات هذه وسيطلب منك التوقيع
على استمارة الموافقة .و إذا قررت المشاركة ال تزال لك حرية االنسحاب في أي وقت ودون إبداء أسباب .قرار
االنسحاب في أي وقت ،أو قرارك بعدم المشاركة لن يؤثر على مستوى الرعاية التي تتلقاها .نحن بالطبع نحتاج
المشاركة الكاملة والتزامكم الكامل حتى نهاية البحث ولكن يظل لك الحق الكامل في االنسحاب وهذا لن يتسبب
لك بأي ضررصحي أو يعرضك الى مشاكل مع الجامعة.
بدءا من هذه الزيارة  ،و على مدار  6زيارات أخرى ،ستشمل الزيارة الواحدة على المشاركة ليوم كامل و
سيفصل كل زيارة عن االخرى بعدها اسبوعين او ثالثة أسابيع و هذا يعني أن الدراسة بأكملها ستتم في  3أشهر
و نصف .و لكن دورك في هذا الدراسة يتلخص في  6زيارات فقط.
في كل زيارة  ،يجب عليك أن تأتي من الساعة  7:00صباحا و قضاء يوم كامل معنا حتى الساعة 3:30
عصرا.
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سيتم الترحيب بك في عيادة و ستتمكن من قضاء اليوم في غرفة لك وحدك .تستطيع استخدام التلفاز و االنترنت.
بامكانك أيضا ان تشارك الغرفة مع مشارك آخر من نفس الجنس .
خالل هذا اليوم  ،سوف تحصل على وجبة اإلفطار التي تحتوي على نواة التمر (سواء كشراب أو في الخبز).
هدفنا من ذلك هو ايجاد مركب مفيد في نواة التمر داخل جسم اإلنسان بعد تناوله عن طريق الفم ،سنقوم بجمع
الدم والبول في أوقات مختلفة بعد االكل ،لنكون بذلك قادرين على الكشف عن هذه المركبات.
سيتم جمع الدم بانتظام خالل النهار من قبل ممرضة مدربة .لجعل جمع الدم أكثر راحة بالنسبة لك ،وتجنب
إدخال إبرة في كل جمع الدم ،سيتم تركيب جهاز صغير اسمه القسطرة في يديك من قبل ممرضة مدربة حال
وصولك في الصباح.
سيتم جمع البول أيضا ببساطة عن طريق وضعه في وعاء محدد فردي.
سوف يطلب منك أن تواصل جمع البول أثناء الليل و أن تأتي الى العيادة في صباح اليوم التالي العطائنا هذه
العينة و عند وصولك في صباح اليوم التالي ستتم عملية سحب دم أخيرة.
ليس هناك أي مخاطر صحية من الممكن أن تتعرض لها عند مشاركتك في هذه الدراسة فهي امنة تماما.
ستتضمن وجبة االفطار من مسحوق نواة التمر أو الخبز المكون من نواة التمر.
كما ذكرنا من قبل ،لقد تم استهالك نواة التمر من قبل اإلنسان في القهوة لفترة طويلة دون أي آثار جانبيةا .هذا
باالضافة الى أن الدراسات التي أجريت على الحيوانات من قبل الباحثين في هذا المشروع لم تظهر أي آثار
جانبية.
باإلضافة إلى ذلك ،إذا أدى سحب الدم إلى اي ازعاج او ألم بسيط كما هو حال سحب الدم عادة ،سيكون هناك
ممرضا مؤهال و مسؤوال عن جمع الدم ,و لن يتم اجراء أي اختبارات مؤلمة في هذه الدراسة.
على العكس تماما ,فأنه من الممكن أن تستفيد من هذه الدراسة .و تتمثل االستفادة في أنه تم التعرف على عدة
خصائص غذائية و مضادات لألكسدة متوفرة في نواة التمرو التي من الممكن أن تحمي ضد أمراض مثل
السكري.
إذا توفرت لدينا أي معلومات جديدة حول دراستنا  ،ستكون على علم بها على الفور ،وسيكون لديك االختيار
باستمرار المشاركة أو االنسحاب .في حال أنك قررت أن تستمر معنا في الدراسة يجب عليك أن توقع على
موافقة خطية أخرى.
في نهاية الدراسة ،سوف يتم االتصال بك عن طريق الهاتف بعد شهر واحد من أجل الحصول على مالحظاتك
وأي معلومات جديدة عن حالتك الصحية .وسيتم إعطائك جميع نتائج فحص الدم اذا أردت ذلك.
نحن نضمن لك أن جميع المعلومات التي سنقوم بجمعها عنك أثناء البحث سيتم التعامل معها بسرية تامة .وأية
معلومات عنك لن تتضمن اسمك وعنوانك بحيث ال يمكن التعرف عليك من خاللها.
يمكنك الحصول على نتائجك الشخصية التي تم جمعها في إطار هذه الدراسة عندما ترسل طلبا بذلك إلى
الباحث الرئيسي في الدراسة.
هذه الدراسة ستجرى من قبل باحثون من قسم التغذية والصحة في كلية علوم األغذية والزراعة في جامعة
اإلمارات العربية المتحدة ،وكلية الطب والعلوم الصحية في جامعة اإلمارات العربية المتحدة .ويتم تمويل هذا
المشروع البحثي من مسابقة منحة بحثية مقرها جامعة اإلمارات العربية المتحدة .و يدعم هذا التمويل نفقات
الدراسة (التمريض ،المواد ...الخ) .ويشارك الباحثون في هذا المشروع كجزء من نشاطهم البحثي في جامعة
اإلمارات العربية المتحدة ولن يتلقوا أي تعويض مادي.
لقد تمت مراجعة هذه الدراسة و الموافقة عليها من قبل منظمة االخالقيات منطقة العين الطبية لألبحاث على
اإلنسان في السادس عشر من ديسمبر عام 2014
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سنكون في غاية االمتنان إذا قررت المشاركة في هذا المشروع البحثي ونشكرك على اهتمامك .نحن مستعدون
للرد على أي سؤال قد يدور في ذهنك حول هذا المشروع.
للحصول على مزيد من المعلومات الرجاء االتصال على الرقم االتي:
الباحث الرئيسي في المشروع
د .كارين بالتا
أستاذ مساعد
قسم التغذية والصحة
كلية األغذية والزراعة
جامعة اإلمارات العربية المتحدة ،العين
رقم االتصال050-1123017 :
استمارة الموافقة
رقم دراسة 70/14 :
رقم المريض المتطوع في الدراسة :
عنوان المشروع  :دراسة توفر مركبات نواة التمر في جسم اإلنسان
أسماء الباحثين :
د .كارين بالتا ( باحث رئيسي )  ،و د .إبراهيم وسام.
 )1أقر أنني قرأت وفهمت ورقة المعلومات بتاريخ  ......للدراسة المذكورة أعاله  ،وقد أتيحت لي الفرصة
لطرح األسئلة.
 )2أنا أتفهم أن مشاركتي اختيارية وأنني حر في االنسحاب
 )3وأنا أتفهم أن انسحابي من الدراسة لن يؤثر سلبا على حالتي الصحية أو على وظيفتي
 )4أنا أفهم أن بياناتي الخاصة ستبقى سرية
 )5أنا أوافق على المشاركة في الدراسة المذكورة أعاله
التوقيع

التاريخ

اسم المريض

التوقيع

التاريخ

اسم الشخص المسؤول على الحصول
على الموافقة

التوقيع

التاريخ

اسم الشاهد (اذا لم يتكمن المشارك من
القراءة أو الكتابة)

التوقيع

التاريخ

اسم الوالد  /ولي األمر  /االقرب من
األقارب (اذا لم يستطع المشارك على
إعطاء الموافقة بسبب السن أو العجز )
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Recommendations for Participants
During the 2 days before each appointment at the hospital, it is very important:
1. To exclude from your diet (or to significantly limit) the following products:
• Fruits
• Dates
• Vegetables
• Tea
• Coffee
• Fruit juice
• Chocolate
2. To NOT practice any physical activity
The day before each appointment at the hospital, it is very important
1. To stop eating after 8pm
2. To avoid intense physical activity
After leaving the hospital, it is very important to continue till the day after
3. To exclude from your diet (or to significantly limit) the following products:
• Fruits
• Dates
• Vegetables
• Tea
• Coffee
• Fruit juice
• Chocolate
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List of Prohibited Foods
Fruits
•
•
•

Grapes, apple, pear, orange, tomato, melon, berries, pineapple, pomegranate,
mango…
Dates
Olive (including olive oil)

Fruits based products
•
•

Jam, stewed fruits, fruit sauce
Fruit juice

Vegetables
•

Carrot, capsicum, onion

Beverages
•
•
•

Tea
Coffee
Hot chocolate

Miscellaneous
•
•
•
•
•
•
•
•

Zaatar, thyme
Seeds and nuts
Mint
Soy products
Oregano, rosemary
Whole wheat products (like whole wheat bread)
Chocolate
Cocoa powder
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Information Sheet for Participants - Urine Collection
The test is finished and you are leaving the hospital.
You are asked to collect your urine from now until tomorrow morning.
Time to return back the urine:
Day:
Time:
Where: Ain Al Khaleej hospital, Al Ain

Why?
Some of the compounds initially provided in the date seeds treatment, may still be
excreted during this time. It is important to detect them.

When you left you received:
1. This procedure sheet
2. 1 jar

How and when collecting your urine?
At any time, after your departure from the hospital, even during the night,
urine must be collected in the jar and stored in the fridge.
Tomorrow morning come to the hospital with the jar.

Subject Initials:

Subject ID

Date:

IDSeeds

Food Frequency Questionnaire

Instructions:
Please answer for each item in the list by putting a cross in the table.

Name of the interviewer: _______________________________________
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Food item

Average serving

Never
to less
than
once a
month

1-3
times a
month

1-2
times a
week

2-4
times a
week

5-6
times a
week

1 time
a day

2-3
times a
day

4-5
times a
day

>6
times a
day

Dairy Products (Excluding use in cooking)
Milk
Soy milk
Cream cheese
White cheese
Yogurt
Labnah
Ice cream
Ghee
Margarine added
Butter
Laban up

1 cup
1 cup
1 Tbs
1 Tbs
¾ cup
2 tbs
1 cup
1 tbs
1 tbs
1 tbs
1 cup

Fruits
1 medium
½ cup
1 medium
3 pieces
3 pieces
1 medium
1 slice
½ cup
1 medium
½ cup
1 medium
½ cup
½ cup
½ cup
1 fresh or ½ cup canned
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Apple
Strawberry
Banana
Dry dates
Fresh dates
Orange
Papaya
Pineapple
Mandarin
Grape
Kiwi
Olives
Dry figs
Fresh figs
Apricots

Plum
Peach
Pear
Watermelon
Mango
Melon
Cherry
Guava
Pomegranate
Berry

1 fresh or ½ cup canned
1 fresh or ½ cup canned
1 medium
1 medium slice
1 medium
1 medium slice
1/2 cup
1 medium
1 medium
½ cup

Vegetables
Tomato
Onion
Cabbage
Salad
Vegetables mix
Cauliflower
Eggplant, zucchini (cooked)
Green leafy vegetables
Chickpeas
Stuffed vegetables
Okra
Green beans
Beans or lentils
Spinach
Soy beans
Soy sprouts

1 medium or 1 cup
1 medium or 1 cup
½ cup
1 cup
½ cup
½ cup
½ cup
½ cup
½ cup
1-2 pieces
½ cup
½ cup
½ cup
½ cup
½ cup
½ cup

Meat & Meat Products
Eggs
Chicken, turkey
Beef, mutton, lamb
Kofta
Fish curry or saloona

1
90-120g
90-120g
2 medium
1 cup
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Samek maglee or fried fish
Fish (barbecue or grill)
Qouzi
Tiger prawn
Liver

1 piece
1 piece
90-120g
120-180g
1 medium piece/1 cup

Mixed Dishes
Vegetable soup
Vegetable marag
Machbous
Jareesh
Margoog
Malleh
Harees
Mahamer
Mamowash rubian

½ cup
1 cup
1 cup
1 cup
1 Tbs
1 Tbs
1 Tbs
90-120g
1 Tbs

Sandwiches & Snacks
Nekhee
Falafel
Sambosa
Kubba Burghul
Arayes
Fatayer
Fatayer Zatar
Pizza
Managesh zatar
Shawarma meat
Foul sandwich

1 cup
1 medium
1 medium
1 medium
3 pieces
1 medium
1
1 slice
1
1 medium
1 medium

Breads, Cereals & Starches
1/2 cup or 1 bowl
1 medium
½ bread
1 medium
1 medium
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Cold breakfast cereals
White bread
Irani bread
Chapati
Khubz white

Shabura
Arabic pita bread
White rice
Other grains
Pasta, spaghetti
Parathas
French fried potatoes
Biscuits
Cracker
Potatoes, boiled or baked

1 piece
1 medium
½ cup (Cooked)
½ cup (cooked)
½ cup
1 medium
1 cup
1
1
1 cup

Beverages
Coffee
Tea
Coke, pepsi, seven up
Fruit juice

Sweets & Baked Goods
Cookie
Chocolate
Chocolate bar
Honey
Jam
Cake
Date paste
Halwa Tahina

1
1 small piece
1
1 Tbs
1 Tbs
1 slice
1 Tbs
1Tbs

Seeds
Almond
Walnut
Cashew
Peanut
Hummus (chickpea dried)
Seeds (Sunflower, pumpkin…)
Pistachio
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Cooking Oils

¼ cup
½ cup
½ cup
½ cup
½ cup
½ cup
½ cup

Soybean
Corn
Vegetable
Sunflower
Canola
Cottonseed
Olive

½ cup
½ cup
½ cup
½ cup
½ cup
½ cup
½ cup

Vitamins
Do you regularly take vitamin pills?
If yes, for how many years and how often have you taken?
Vitamin A
Vitamin D
Vitamin E
Vitamin C

No
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